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As members of an Academy composed of 
representatives elected from the various 
branches of science, we are all interested in 
the part our organization can play effectively 
in the modern world. Our problems differ 
from those of the regular scientific society 
whose members are all practitioners or are 
deeply interested in a particular branch of 
science. Common professional interests and 
exchange of information and views on sub- 
jects of timely interest in a special area of 
scientific research form a substantial basis 
for a vigorous corporate life in a scientific 
society. As specialized interests grow in 
scope, the number and variety of the 
scientific societies are constantly increasing. 
Societies such as the Chemical Society or 
the Physical Society find it necessary to add 
divisions devoted to specialized branches: of 
their subjects. The formation of independent 
specialized societies is no rare event. All 
this is symbolic of the depth to which re- 
search is penetrating into new regions. The 
findings, nomenclature, and even the lan- 
guage require more and more background for 
intelligent comprehension. Thus significant 
discussions of an advancing field become 
more and more limited to specialists, and 
become less and less comprehensible to the 
worker in another field. 

However, the process of specialization is 
not so fragmenting as it may seem. The 
same methods of thought, the same stand- 
ards of values, and of conduct, the same 
criteria of truth, are held by all good 
research workers no matter how diverse 
may be their fields of interest and the 
nomenclature used to describe the results. 


1 Address of the Retiring President, Wash- 
ington Academy of Sciences, February 2i, 1957. 


Furthermore, new discoveries, facts, or 
theories do not remain strange or incom- 
prehensible for long. The well-educated 
scientist can extend his background of 
knowledge and patterns of thought suffi- 
ciently to take an intelligent interest in new 
knowledge in fields other than his own. The 
student readily assimilates new facts and 
theories after they have undergone a few 
years preliminary digestion, and what was 
strange and difficult to one generation 
becomes commonplace to the next. 

In introducing the late Sir John Lennard- 
Jones for an honorary degree at Oxford, the 
Public Orator concluded, “Science is split 
into departments only to prove its unity in 
the end.” This thought has always been in 
the minds of natural philosophers even when 
appearances were much against it. 

The more facts we learn and the more 
penetrating our understanding becomes, the 
more does the evidence against the concept 
of the unity of nature disappear. In fact, the 
feeling that all nature cannot be compre- 
hended by a single pattern of thought seems 
to be associated with the earlier and explor- 
atory stages of any particular science. For 
example, at the beginning of the century, 
chemical forces, the forces holding atoms 
together in molecules, were well known from 
a phenomenological point of view; but all 
evidence tended to show that they were quite 
different from the forces which the physicist 
studied and handled. The advent of quan- 
tum mechanics showed the identity of 
chemical and physical forces (to use a vague 
expression), and nowadays it is almost 
taken for granted that, basically, the phe- 
nomena of physics and those of chemistry 
may be described by the same set of funda- 
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mental terms. So also 25 years ago, there 
were many who held that a ‘vital principle 
or force” gave rise to a fundamental dis- 
tinction between the phenomena of biology 
and those of chemistry and physics. Today, 
I think that far-sighted biologists believe 
that an extension of the theories of physics 
and chemistry will ultimately embrace the 
facts and generalizations of the various 
biological sciences. 

These examples are chosen from many 
that could illustrate the same point. They 
in no way constitute an argument, but I feel 
intuitively that a belief in the unity of 
nature is at least too good a _ working 
hypothesis to give up until we are forced to 
do so. Whatever the future may bring forth, 
one thing is certain, the more we have learned 
about the different branches of science 
through specialized studies, the more we 
have found that all rest on a common set of 
fundamental principles. Integration at fun- 
damental levels has followed from differen- 
tiation in the observational and fact finding 
studies in diverse fields of science. The life 
and work of Lennard-Jones himself is an 
excellent example of the welding of fragments 
of science into an elegant structure. 

‘These considerations give a basis for 
thinking that an Academy of heterogeneous 
membership has certain peculiar functions 
in a world of rapidly advancing science and 
technology with its attendant specialization. 
These functions lie in two areas, the first 
being concerned with ways and means of 
emphasizing the unity of science itself, of 
fostering the inspiration that comes from 
the transfer of ideas from one field to 
another, and of directing attention to com- 
mon fundamental principles. The second 
area is a cultural one. The pursuit of science 
is an intellectual activity and as such has 
made important contributions to our culture 
in the broadest sense of the word. The 
cultural implications of scientific research 
are not as widely appreciated as its material 
products, especially in nonscientific circles. 
There is a real need for wider dissemination 
of these ideas which can add to the general 
field of human thought and at the same time 
increase the feeling of kinship which should 
exist among all who are sincerely interested 
in advancing culture. 


WASHINGTON 
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I should like here to develop this subject, 
first by reviewing the common ground which 
underlies all scientific research regardless of 
the particular field of application; second by 
pointing out lines along which scientific 
research has contributed to our general 
culture; and third by suggesting a few ways 
in which an Academy can take advantage of 
its heterogeneous membership to foster 
activities of value in the development of an 
integrated picture of science and strengthen 
our liaison with other cultural activities. 


THE NATURE OF SCIENTIFIC RESEARCH 

Two distinct periods, differing markedly 
from each other, may be recognized in the 
history of science. The first period extends 
from the.earliest times to the renaissance and 
was characterized by outbursts of brilliant 
activity and fertility localized in space and 
time. In this period the progress of science 
followed the same fluctuating spasmodic 
course as that of other intellectual activities, 
music, literature, and the fine arts. Human 
authority and the power of the great mind 
played a dominant role; however, progress 
was unstable, one generation frequently 
reversing the trends set by a previous one. 
In the words of George Santayana, ‘The 
first period of Science was brilliant but 
ineffective.” 

The second period in the history of science, 
the period of modern scientific research, 
began about 300 years ago in the age as- 
sociated with names such as Bacon, Galileo, 
Newton, and Descartes. Over a short span 
of years a great change took place, a change 
most evident by its results. Science started 
to expand at an ever-increasing rate; an era 
of steady monotonic progress began. It has 
continued for 300 years and shows no signs 
of leveling off, let alone declining. The 
impact of scientific research is now felt 
strongly in all fields of technology. Modern 
scientific research has not been localized in 
any one country but has spread to all parts 
of the world where the education and wealth 
of the inhabitants will support it. The ever- 
expanding scope and fertility of modern 
scientific research and the absence of violent 
fluctuations in the growth of scientific 
knowledge give ample justification for 
thinking that the age of Newton saw the 
introduction of something radically new into 
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natural philosophical enquiry. Let us at- 
tempt to isolate this ingredient which 
accounts for the steady growth in the power 
of scientific research as contrasted with the 
fitful progress of science during the first 
period. 

A fundamental requirement in the new era 
of science was described aptly by Bacon in 
Novum organum: ‘“‘Men, on their side, must 
force themselves for a while to lay their 
notions by and begin to familiarize them- 
selves with facts.”” The establishment of facts 
is a most important and laborious aspect of 
scientific research. It must be approached 
experimentally with extreme objectivity and 
even skepticism. It requires that the in- 
vestigator, in asking questions of nature, 
take nothing for granted, least of all the 
evidence of his own unaided senses. These 
latter must be disciplined and fortified with 
instruments. Not only must the observations 
leading to facts be carefully made, but the 
conditions under which the observations are 
made must be controlled and defined or 
described with extreme care. Finally, human 
authority, tradition, prejudice, or personal 
feeling must be eliminated from considera- 
tion by the investigator who wishes to 
establish a new fact. 

However, no matter how careful a worker 
may be in controlling his experiments and 
refining his observations, he must be pro- 
vided with a criterion of general acceptance 
against which to check the validity of a fact. 
In scientific research, this criterion is pro- 
vided by reproducibility; that is, a fact or 
experience is valid when it is independent of 
the observer, when it can be reproduced by 
anyone who takes the trouble to repeat the 
observation or experiment under the proper 
conditions. (Note the democratic nature of 
this criterion.) 

Now this criterion of reproducibility has 
far-reaching consequences. It requires that 
the observer of a new fact describe the 
conditions and results of his observations in 
such a way that any other experimenter can 
perform the same experiment and obtain the 
same result. Results are valid scientifically 
only when they can be communicated to any 
serious and intelligent listener in such a way 
as to convey to him a meaning which is 
exactly that intended by the author, a 
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quantitative description of experience which 
that listener can verify independently. This 
generally means that the results must be 
quantitative and expressible in exact terms; 
nowadays this means mathematical terms. 
However, as C. N. Hinshelwood? of Oxford 
reminds us: 


Science is not the mere collection of facts, 
which are infinitely numerous and mostly unin- 
teresting, but the attempt of the human mind to 
order these facts into satisfying patterns... . 
The imposition of design on nature is in fact an 
act of artistic creation on the part of the man of 
science, though it is subject to a discipline more 
exacting than that of poetry or painting. 


The methods of scientific research must be 
broadened, therefore, to include not only 
the exploration of natural phenomena, the 
isolation of communicable facts, the con- 
firmation of facts by the criterion of repro- 
ducibility, but also the construction of 
patterns into which valid facts may be fitted 
with satisfying consistency. The simpler 
the pattern and the more facts it accommo- 
dates, the more satisfying does it become. 
The word “satisfying” is repeated here 
because it properly has an esthetic connota- 
tion. It must be emphasized, however, the 
patterns of which we speak must, like the 
facts themselves, be communicable un- 
ambiguously from one worker to another. The 
great contribution of Newton was not the 
observation that apples fall, but the fitting 
of this fact quantitatively into the same 
pattern that describes the motion of the 
planets in their orbits and the expression of 
this pattern by a general formula that 
conveyed an exact meaning. 

This attempt to fit “facts” into satisfying 
patterns with the help of the cohesive bond 
of a system of logic is important practically 
from three points of view. In the first place, 
it facilitates comprehension. An established 
pattern is an excellent aid to memory; we 
carry around a great deal of knowledge 
merely by remembering the pattern and not 
overburdening ourselves with isolated facts. 

In the second place, a pattern gives us a 
basis for understanding by bringing out 
relationships among isolated facts or events. 
We understand new experiences when we 

2? HINSHELWOoD, C.N. The structure of physical 
chemistry. Oxford, 1951. 
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can express them in terms of experiences 
already familiar to us. 

In the third place, a satisfying pattern 
always suggests extensions of itself and, 
thereby gives a sound and fertile foundation 
for the prediction of new facts or events. In 
short, a satisfying pattern (or theory) 
enables us to mobilize knowledge for im- 
mediate use, not only in the domain of pure 
science, but also in the domain of applied 
science. 

We see that four activities play important 
roles in modern scientific research, namely: 
(a) exploration, observation, and descrip- 
tion, (b) establishment of facts by experi- 
ment and by the criterion of reproducibility, 
(c) communication in exact and quantitative 
terms, and (d) construction of patterns of 
facts—the making of theories. However, a 
moment’s reflection shows that not one of 
these characteristics by itself may be con- 
sidered as belonging uniquely to scientific 
research. /xploration, observation, and de- 
scription are old and common activities of 
mankind pursued for pleasure, profit, or 
sheer restlessness as well as for scientific 
research. The experimental approach to the 
acquisition of knowledge is practiced by 
every healthy infant. Empirical methods of 
acquiring facts have long been the stock in 
trade of the practitioners of the useful arts, 
the farmers, the smiths, and the medical 
men. Reproducibility as a criterion for the 
validation of experience is an elementary 
step in the learning process of all humans 
and animals. The coincidence of the stories 
of several witnesses has long been the meas- 
ure of the validity of evidence in courts of 
law. Thus even the high place given to 
reproducibility in modern research does not 
imply that it is a property unique to science. 

The construction of refined patterns express- 
ing human thought and experience has been 
practiced by creative artists from time im- 
memorial. Common sense is nothing more 
than the application of patterns of experience 
which every rational human being weaves 
day by day to form part of the mental 
equipment with which to guide his actions 
throughout life. Quantitative communication 
of facts and ideas has long been found to be 
an essential practice by the merchant, the 
banker, the artisan, and the engineer. 
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The something the differentiates mocerp 
scientific research from the speculations of 
the Greeks or the empiricism of the Arabs is 
to be found, not in isolated methods or 
activities, but in the application of a com- 
plete system. It is in the balanced interplay of 
the four activities I have mentioned in an 
integrated system that the something, or the 
characteristic, unique to modern scientific 
research is to be found. It is a system whose 
operation has given it the power for steady 
and accelerating progress. 

By way of introduction to an illustration 
of this system, let me say what I mean by 
the word system. I would define a system as 
an integrated assembly of interacting ele- 
ments designed to carry out cooperatively 
certain predetermined functions. These ele- 
ments may be electrical, electronic or 
mechanical components, living cells, institu- 
tions, or even human activities. for example, 
we may be given a box full of radio tubes, 
resistors, condensors, transformers, loud 
speakers, wire, etc., such as is provided by 
a Heathkit. This, however, will not receive 
electromagnetic waves at one end and turn 
out beautiful music at the other—the elements 
must be brought together into a working, 
energized system. This we may do with 
proper attention to matching the compo- 
nents to each other and connecting up the 
circuits in the proper way, after which the 
elements will all interact and cooperate to 
give the results we want. In any system, the 
nature of the elements themselves, their 
matching with each other, and the direct 
and feedback links (communications) joining 
them are of equal importance. Fig. 1 gives in 
block diagram form a system of human 
activities interacting in a series of circuits to 
produce the results characteristic of scientific 
research. Starting from the observation of 
phenomena or events, the results of explora- 
tion and description, we proceed to establish 
facts by careful experiment and to confirm 
them by communicating them to others for 
independent verification. This chain is 
shown by diagonal red and green arrows. 
Simultaneously, a very important circuit 
involving the upper three red blocks is 
activated. This circuit represents what 
Claude Bernard, the French physiologist, 
called the “interplay of experimental theory 
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and experimental practice.” From the 
observation and careful study of phenomena 
or events, facts are obtained which may then 
be fitted together in an experimental pattern, 
ie., a working hypothesis. If the facts fit 
well into a generalization, the latter im- 
mediately suggests new subjects for observa- 
tion or new experiments from which come 
new facts and so the activity in the circuit 
builds up, and with it, confidence in the 
validity of the facts and the consistency of the 
theory. On the other hand, if the facts do 
not fit into a recognized pattern, one must 
first make a further study of their validity 
to ensure that they have not been vitiated 
by some error; and errors may arise in very 
subtle ways. At the same time, it may be 
necessary to reexamine the pattern or 
theory and, if necessary, modify it to accom- 
modate the new facts. The process is a cyclic 
one and only when the facts and the experi- 
mental theory fit together, can we be content 
with either. The product of this circuit is a 
satisfying pattern or generai theory (lowest 
red box) which enables us to understand the 
phenomena or events in the field of study, 
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which comprehends all the facts, links them 
with facts from other fields and enables us 
to predict verifiable new phenomena or 
events. It represents the major theories or 
patterns which accommodate large bodies of 
facts such as the Laws of Thermodynamics, 
the Laws of Motion, the Theory of Rela- 
tivity, the Quantum Theory, Maxwell’s 
Electromagnetic Equations, the Mendelian 
Laws, etc. 

The green arrows represent the circuit in 
which facts and theories are subjected to 
scrutiny and verification by others. It is also 
the circuit in which new minds with fresh 
experiences can extend valid facts and 
amplify consistent theories. 

The diagram brings out two very im- 
portant feedback circuits. In order to extend 
and integrate the patterns and to assay their 
consistency over wide ranges of facts, it has 
been found necessary to seek for facts in 
every region susceptible to precise observa- 
tion. The new substances, instruments, and 
techniques—we may even include concepts— 
discovered and developed in the course of 
researches may be used to 
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explore into new regions for more facts. 
The build-up in the circuit due to this 
positive feedback has been most spectacular; 
indeed the history of natural philosophy is 
marked by milestones, each indicating the 
discovery of a new device or technique which 
opened up to human experience regions that 
were hitherto inaccessible. These devices 
were means to an end, but the end would 
never have been achieved without the means. 
Telescopes, microscopes, X-rays, radio- 
activity, eyclotrons, chemical analysis, elec- 
tronics, highspeed computing machines, 
have all been means of opening up new 
continents for valid experiences. 

The red arrow leading into the top box 
(observations of phenomena and events) also 
indicates a positive feedback, the auto- 
catalytic effect of understanding. A satis- 
factory theory or pattern of facts broadens 
and deepens understanding, pointing the 
way to new fruitful fields where facts of 
significance, interest and potential for 
application are likely to be discovered. It 
helps research men to make more intelli- 
gently the most important decision of all, 
namely the choice of problems in which to 
invest years of their lives. With the aid of 
new instruments, techniques and methods, 
both. experimental and theoretical, these 
decisions may be implemented and the 
investigators may pursue their researches 
into new and more complex fields with in- 
creasing facility and confidence. 

There are regions of interest in science 
where it is not possible to make precise 
observations or accumulate facts under 
completely controlled conditions. In such 
cases the system works in a deductive mode 
through the feedback from “satisfying 
patterns” to observation. In cosmogony or 
petrogenesis for example, it is not practical 
to build up a theory of the origin of the 
universe or of rocks from reproducible facts 
obtained from direct observation of the 
processes concerned. However, starting 
from a comprehensive pattern of facts from 
physics and chemistry and certain assump- 
tions, it is possible to draw a theoretical 
picture of the origin of the universe or rocks 
in sufficient detail that certain critical con- 
sequences which are susceptible to observa- 
tion may be deduced. Facts extracted from 
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observations may then be compared with 
those deduced from theory. The history of 
the sciences I have mentioned shows clearly 
that as our satisfying patterns grow in depth 
and breadth, the deductions drawn lead 
to more and more pertinent and refined 
observations and our confidence in them 
grows accordingly. This circuit has found 
wide application in attacks on complicated 
problems or those dealing with past or future 
events. Its power depends on the existence of 
broadly based established patterns of facts, 
a condition which is sometimes not fully 
appreciated in attempts to apply “scientific 
methods” in new or complicated fields. 

There is no loop in the diagram where 
negative feedback exists. Those who are 
familiar with electronics, automatic control, 
or the theory of chemical equilibrium, will 
recognize at once that this is a condition for 
rapid, nay even explosive, build-up of 
activity in the system. Indeed, we may 
reasonably conclude that there is built into 
scientific research itself, a mechanism that 
can produce a continually accelerating expan- 
sion, a mechanism that has the power of 
breaking down the barriers that at any 
given time prevent exploration into partic- 
ular regions of nature, a mechanism that 
makes undefinable the limitations imposed 
on the system. 

If we look more closely into what goes on 
in the operation of the system we find that a 
predominating fraction of the effort is con- 
sumed in processes of refinement, in the 
struggle against dirt and noise. Dirt, or 
matter in the wrong place, I take as symbolic 
of contamination of inanimate origin; noise, 
I take as in physics and engineering, to 
symbolize random, irrelevant or meaningless 
information. These refining processes occur 
at every stage, facts must be refined from 
dirt and noise; confusion, prejudice, ir- 
relevance, must be winnowed out of our 
hypotheses; communications must be freed 
from the noise of uncertanty of language so 
that the exact signals may be detected; 
finally the ultimate patterns of facts, the 
theories, must be freed from all contamina- 
tions from the human mind. 

In passing, I might remark that these 
refining processes are often tiresome and 
prosaic. They require the focussing of 
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imagination, ingenuity, tireless industry, and 
meticulous care on apparently restricted 
problems such as the purification of an ele- 
ment or compound, or the establishment of 
a measurement to another decimal place. 
This is the price of facts. However, this 
price often buys much more than refinement 
of fact or measurement. It has bought 
essential bridgeheads to new continents of 
systematic knowledge. In 1871 Clerk Max- 
well wrote: 


But the history of science shows that even 
during the phase of her progress in which she 
devotes herself to improving the accuracy of the 
numerical measurements of quantities with which 
she has long been familiar, she is preparing the 
materials for the subjugation of new regions, 
which would have remained unknown if she had 
been contented with the rough methods of the 
early pioneers... . 


He illustrated this statement by citing the 
far reaching consequences of the accurate 
and systematic measurements of the earth’s 
magnetic field made by the professional and 
amateur observers associated with the 
Magnetic Union organized by Gauss and 
Weber—an example of “experiments in 
concert” as Bacon put it, or “team research” 
as it is called today. The increase in the 
accuracy and completeness of magnetic 
observations made and reduced by this 
small army of collaborators opened up fields 
of research hardly suspected to exist in the 
light of knowledge gained by cruder methods 
and less complete surveys. The studies of 
cosmic rays give a modern example of 
refinement and extension of observation with 
the opening up of brand new areas of 
research. 

The efforts of many chemists during the 
nineteenth century to determine atomic 
weights with greater and greater accuracy 
is an example par excellence of the far reach- 
ing consequences of the attempts to refine 
measurements. In a literal sense this was a 
struggle against dirt. The purification of 
the elements and all chemicals combining 
with them, the exactness of the analyses 
and the final reference back to the standard 
element were operations typical of the 
lengths to which this struggle must go. I 
need hardly remind you that these efforts 
gave us much more than some exact atomic 
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weights. They gave us a large segment of 
the experimental science of gravimetric anal- 
ysis. They led directly tothe concept of a fam- 
ily relationship among the elements, to the 
detection of isotopes (you will remember that 
the value of 1.008 for the atomic weight of 
hydrogen led to the search for deuterium), 
to the concept of a common origin and set of 
building blocks for all atoms; in short, it led 
to a large fraction of present day quantitative 
knowledge of the atom. In biochemistry 
today, we are witnessing the start of a highly 
productive payoff for the work invested by 
countless men and women in isolating, puri- 
fying, and studying many of the complex mol- 
ecules occurring in nature. 

In the past decade a multimillion-dollar 
technology has grown out of the relentless 
urge of research investigators to refine their 
materials; I refer to the manufacture and use 
of transistors, where elements such as 
germanium and silicon must be purified to 
less than one part of impurity in 100 million 
in order that the requisite properties may be 
realized. 

Efforts to refine hypotheses and theories 
are just as important to the progress of 
scientific research as those devoted to 
purification or measurement. 

The Atomic Hypothesis of Dalton is an 
excellent example of the bad results that 
may follow if a theory is not refined with 
great care. The doctrine that all atoms of 
the same element were identical and that 
atoms were indivisible and indestructible 
were all irrelevant to the core of Dalton’s 
theory, namely, a mass quantum theory of 
chemical reactions. Yet many tempers and 
much sleep were lost by estimable scientists 
before these irrelevant ideas were discarded. 
It is interesting to note that in 1831, Faraday 
published a paper in which he discussed the 
nature of the atom in terms of a very refined 
mixture of hypothesis and experiment. His 
picture of the atom as a whole is satisfying 
even today. 

Turning next to noise, confusion, and 
general contamination of human origin, I 
should like to quote from Roger Bacon: 


The four stumbling blocks to truth: the in- 
fluence of fragile or unworthy authority, custom, 
the imperfections of undisciplined senses, the 
concealment of ignorance by ostentation of seem- 
ing wisdom. 
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Three of these stumbling blocks obviously 
are the results of impurities of thought and 
communication introduced by human 
agencies. 

When uncontaminated by human failings, 
scientific research is essentially a very 
democratic activity. It recognizes neither 
the authority of the dominant personality 
nor that of the brilliant intellect, although 
it acknowledges the contributions of both. 
The motto of the Royal Society of London, 
nullius in verba which, freely translated, 
means ‘we don’t take anybody’s word for 
it,” expresses a very fundamental attitude 
in scientific communications. Many types of 
mind must bring their peculiar attributes 
and experience to bed¥ on a difficult problem 
before all the facts are validated and fitted 
into a satisfactory pattern. This cannot be 
done if tradition and personal authority 
confuse the issue by spurious weighting of 
evidence. The validity of facts and the 
sufficiency of theories must be evaluated 
without reference to their sponsorship; the 
valid facts discovered by the young student 
can overthrow the theory of an authority. 
Towards the end of his life, Newton was told 
of some astronomical observations (later 
proved invalid) that contradicted the 
Newtonian system. He replied, “It may be 
so, there is no arguing against facts and 
experiment.” 

Communications, open discussion and pub- 
lications, furnish invaluable means for re- 
fining observations, experimental facts and 
theories from the taint of the human per- 
sonality. Few investigators are mentally 
equipped to exploit or to view critically all 
facets of a subject, but having solved a prob- 
lem relating to one or more facets of a sub- 
ject, and published his results, an investi- 
gator brings other facets to the attention of 
colleagues of different mental attributes and 
experience raising new and fertile problems 
in their minds. 

It is not too fanciful to look upon com- 
munications, that is to say verbal discussion 
and written publications, as the life blood of 
scientific research. In flowing through the 
system, this life blood vitalizes and purifies 
it, vitalizing it by bringing food for imagina- 
tion from one element to another, and puri- 
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fying it by progressive elimination of dirt 
and noise. The vigor and the standards of 
scientific research in any country or in any 
age depend, therefore, on the free flow of 
this vital stream. From many quarter: we 
hear today that “there is a shortage of basic 
research in this country” which I presume 
means that our research either lacks vitility 
or excellence in standard. It might be we'll to 
scrutinize our communications system to see 
if anything is wrong there. I think it will! be 
found that our publications are copious and 
a large proportion of the work excellent, but 
publication is ceasing to be a channel in the 
communications flow back and forth but 
rather a broadcast station with a transmitter 
at one end and few if any tuned receivers at 
the other. In short, papers are not read by 
many, partly because reading is becoming 
somewhat of a lost art, partly because many 
papers give the impression of not being 
written to be read, partly because people 
haven’t the time, but chiefly because of the 
sheer mass of articles which fill our numerous 
journals. I think this absence of feedback is 
a phenomenon worthy of the attention of 
those who wish to keep research strong in 
quality and quantity, and avoid the evils of 
indigestion. Even when papers are read be- 
fore scientific meetings, little if any critical 
discussion ensues; indeed when such occurs 
it is often regarded as ‘“‘poor taste.”’ I don’t 
know whether vigorous discussion of a sub- 
ject is the source or the product of the en- 
thusiasm of its propnents, but I do feel it is 
very diagnostic of the subject’s vitality. 

From the foregoing discussion, we can 
summarize several important characteristics 
of scientific research. 

1. Scientific research is a system in which a 
number of commonplace human activities 
act and interact cooperatively to produce the 
end result. The system has the power of 
indefinite expansion; the barriers beyond 
which it cannot expand are still undefined. 
Refinement of facts, concepts, hypotheses, 
communications and theories from all con- 
tamination either inanimate or human is an 
essential process not only in establishing the 
soundness of results but also in keeping 
research vigorous and fertile. 

3. Scientific research is a very democratic ac- 
tivity in which many minds cooperate to give 


bo 


sound results. Exact communications are its 


life blood. 
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Observations of the transient material 
world lead to facts of permanent value. The 
significance of facts, however, lies in the con- 
sistent and satisfying patterns into which 
they are woven. The design transcends the 
substance. 


CULTURAL IMPLICATIONS 


In opening a discussion of the cultural 
implications of scientific research it might 
be well for me to define what I understand 
by culture. Depending on their natural en- 
vironment, human societies have spent vary- 
ing amounts of time and effort in the struggle 
for food, shelter from the elements, and pro- 
tection from enemies. However, even in most 
primitive societies or in societies beset by a 
relentless struggle for existence, a certain 
amount of time and effort has been allotted 
to making provision for physical, mental, 
esthetic, and spiritual comfort—I use the 
term comfort to mean relief from distresses, 
perplexities, and conflicts. The depth and 
breadth of the culture that a society develops 
depend on (a) the amount of time and effort 
it can afford from the struggle for existence 
to spend on the enhancement of its physical, 
intellectual, esthetic and spiritual comfort, 
and (b) on the balance it achieves among the 
physical, intellectual, esthetic and spiritual 
components. These factors are reflected in 
two commonly accepted definitions of the 
word culture. The first defines a culture as 
“the concepts, habits, skills, arts, instru- 
ments, institutions, etc., of a given people 
at a given period.” The second meaning de- 
notes the processes which promote the train- 
ing and refining of the mind, the emotions, 
manners, taste, etc., and the result of this, 
namely refinement of thought, emotion, 
manners, and taste. 

Taking the word in the sense of the first 
definition, the rapidly growing contributions 
of scientific research to the culture of many 
countries of the world in the mid-twentieth 
century hardly require emphasis. Tradition- 
ally, the useful arts and the fine arts have 
provided us with the skills, the tools, the 
instruments, the materials and the designs 
of all that enriches our lives and promotes 
our welfare and comfort. Wedded to the use- 
ful arts, scientific research has produced 
modern technology. The understanding 
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which is the product of scientific research has 
become the catalyst responsible for the enor- 
mous progress of technology with its enor- 
mous capacity to devise and produce the 
new things that constitute the material side 
of present day living. It is interesting to note 
that during 1956, at the Union Carbide and 
Carbon Corporation approximately one- 
third of the total sales and one-half of the 
net income came from new products and 
processes not available 15 years ago. It is 
only within the past 30 years that the results 
of scientific research have really had a big 
impact on the art of medicine. This impact 
is now producing a revolution in the healing 
arts, and I think the real contributions of 
scientific research in this area are still to be 
made. 

The progress of technology is also extend- 
ing the scope and enjoyment of the fine arts. 
Those of you who heard Mr. Evans at the 
last meeting of the Academy will agree with 
me that photography, especially color pho- 
tography, offers almost unbounded possibili- 
ties for the presentation of objects, subjects, 
ideas or abstractions in graphic form. Ad- 
vances in the arts of recording, transmission 
and reproduction of music with high fidelity 
have brought the best in music to an ever 
widening audience—with noteworthy in- 
crease in appreciators of good music and 
general refinement of taste. The cultural po- 
tentialities of television are too obvious to 
require emphasis. Perhaps the greatest im- 
plication of scientific research in this mate- 
rial field is the promise it holds that through 
technology civilized societies will be able to 
take more and more effort away from the 
daily struggle for food, shelter, and safety 
and devote it to the fulfillment of their in- 
tellectual and spiritual aspirations. 

Scientific research is, however, a cultural 
activity in its own right and its contribu- 
tions to the refinement of thought, customs, 
and values extend into nonmaterial realms. 
I have attempted to show you that a study 
of its methods and standards furnishes a 
transparent example of the kinds of effort 
that must be expended in the achievement of 
refinement of knowledge, thought and judg- 
ment and of the enormous payoffs in the 
opening up of new vistas of knowledge that 
accrue from the investment of this effort. 
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Let us look briefly at some of the implica- 
tions of this study, starting in the field of 
education. 

A liberal education of the youth is the 
foundation of sound cultural civilization, its 
objective being to cultivate qualities of 
mind, to nourish and exercise those faculties 
and powers of judgment that are required 
for leadership in disciplined intellectual ac- 
tivity. I suggest that this objective requires 
that the following characteristics be culti- 
vated in the growing mind. 


1. The capacity for clear and fluent communica- 
tion with other people, with the outside 
world and with oneself. This means the cul- 
tivation of powers of accurate observation, 
description, speechs reading and writing. 

. The capacity for acquiring and retaining a 
varied store of knowledge and experience, to 
build up a well-stocked mental inventory. 

. Habits of discipline and continued critical 
analysis to distinguish valid from irrelevant 
experience, to build up a standard of values. 

. The capacity to build acquired knowledge 
and experience into consistent patterns of 
thought, the power to use the patterns as 
basis for understanding and judgment. 

5. Cultivation of imagination, to extend pat- 
terns of thought through association of 
ideas, to predict consequences of real or 
hypothetical actions, and to project estab- 
lished understanding into new realms of new 
experience. 

>). The cultivation of courage to act on these 
predictions. 


to 


wn 


— 
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Armed with such mental equipment, a 
man can rise to intellectual eminence in any 
walk of life. The considerations I have ad- 
vanced in describing the system of activities 
that make up scientific research suggest 
strongly that a properly oriented study of 
any one of the mature sciences such as chem- 
istry, physics or biology, its history and 
methodology, can go far in promoting the 
growth and exercise of the mental faculties 
I have summarized. In other words, “‘prop- 
erly oriented” science courses can make a 
big contribution to a liberal education for 
those who do not intend to follow courses in 
science as well as for those who do. The term 
“properly oriented’ has been repeated ad- 
visedly because I feel that the full contribu- 
tion of science courses to liberal education 
cannot be realized by those now given. To 
my mind a properly oriented course would 
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give the student a firm grasp of the discipline 
and methods of scientific research, apprecia- 
tion of the power of these methods in all 
realms of thought through historical ex- 
amples, a clear idea of the importance of 
removal of dirt and noise in assembling the 
facts and making the patterns that form his 
criteria of consistency in making judgments 
and finally enough knowledge of the content 
of the science to provide vistas for his im- 
agination. Such courses might well be ex- 
tended over at least two years of the under- 
graduate curriculum, possibly starting in the 
last year of high school. The benefits to be 
gained are twofold. In the first place, stu- 
dents who do not intend to follow careers in 
science would have a chance to get a lasting 
appreciation of the methods and standards 
of scientific research and an appreciation of 
its contributions to epistemology. In the 
second place, such courses combined with 
other studies such as languages and litera- 
ture would form the liberal education needed 
by those who are to specialize in a particular 
branch of science, giving them a chance to 
combine their liberal education with the fun- 
damentals of their professional training. 

Valuable as such courses may be, I must 
emphasize that there is no substitute for re- 
search study in an enlightened graduate 
school for the student who really wishes to 
understand the real nature of and acquire 
the discipline of scientific research. It is to 
be regretted that so few men fitted tempera- 
mentally for careers in administration or 
public affairs are encouraged to take ad- 
vanced degrees in science as a foundation 
for their life’s work. 

REFINEMENT OF COMMUNICATIONS 

Communications play a very important 
part in all our cultural life. In literature, 
painting, sculpture, music, the artist is con- 
cerned with searching for fundamental 
truths, either concrete or abstract, and ex- 
pressing them in a form that conveys the 
meaning perceived by the artist to sophisti- 
cated observers. The imagination and insight 
of the artist enables him to see the signifi- 
‘ance in certain scenes, events, or other hu- 
man experiences and his craftsmanship 
enables him to express these ideas in a form 
that holds the attention of the observer and 





Aut 


arol 
sens 
jure 
diffe 
of a 
grol 
of 2 
the 
and 
tha‘ 
rese 
greé 
forr 
tivel 
con 
tata 
bac’ 
med 
ist ; 
arti 
mat 
eve! 
nes: 
pre: 
sub 
lim: 

b 
cor 
wor 
res} 
scie 
for 
age: 
gro’ 
Sur 
tha 
adv 
intr 
cult 
cres 
em¢ 
gen 
dail 
an 
thir 
pov 
nal: 


sea 
We 


sys 


NO. 8 


‘ipline 
recia- 
in all 
ll ex- 
ce of 
2g the 
m his 
nents 
ntent 
S im- 
e ex- 
nder- 
n the 
to be 
stu- 
‘rs in 
sting 
lards 
yn. of 

the 
with 
tera- 
eded 
‘ular 
e to 
fun- 


nust 
r re- 
uate 
S to 
uire 
s to 
era- 
| or 
ad- 
tion 


ant 
ure, 
‘On- 
ital 
ex- 
the 
sti- 
ght 
Lifi- 
hu- 
hip 
rm 
ind 





AucustT 1957 


arouses in his mind a vision similar to that 
sensed by the artist. The actual ideas con- 
jured up in the mind of the observer may 
differ somewhat from those of the artist or 
of another observer depending on the back- 
ground of experience each brings to the work 
of art. The scientist with imagination sees 
the significant facts in certain phenomena 
and weaves the facts into satisfying patterns 
that he can communicate to others. The 
resemblance is obvious, but there is one 
great point of difference, the artist uses his 
form and pattern to convey ideas qualita- 
tively to his audience, the scientist must 
convey his ideas, facts and patterns quanti- 
fatively so that his audience, regardless of 
background, understands exactly what he 
means. The scientist must think like an art- 
ist and talk like a bookkeeper. Hence, the 
artist is free to deal with any subject no 
matter how complicated; the scientist, how- 
ever, because of the requirement of exact- 
ness in communications, has, up to the 
present, had to deal only with very simple 
subjects. We have seen, however, that this 
limitation need not be permanent. 

However, the requirement for quantitative 
communication in scientific research is 
worth all that it costs and more. It has been 
responsible for preserving the integrity of 
science from one generation to another and 
for enabling men in all countries and in all 
ages to add their contributions to a steadily 
growing structure of systematic knowledge. 
Surely the realization of the invaluable part 
that exact communications have played in the 
advancement of science should commend its 
introduction into many other phases of our 
culture. However, there seems to be no de- 
crease in the amount of time, energy, and 
emotion dissipated by misunderstandings 
generated by inexact communications in our 
daily lives. Modern propaganda seems to be 
a noise amplifier designed to transmit any- 
thing but an exact signal. The discriminating 
power of the human mind to detect true sig- 
nals in the noise seems to be declining. 


DYNAMIC IMPLICATIONS 

The dynamic implications of scientific re- 
search have considerable cultural interest. 
We have seen that scientific research as a 
system has the capability of advancing sci- 
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ence at an ever accelerating rate, and even 
today this expansion is bordering on the 
explosive. Indeed, so rapid is this expansion 
that it is almost meaningless to speak of 
science as if, any any given time, it had a 
definite value or even a bounded entity. Re- 
alization of this fact should make us very 
wary of generalizations that purport to state 
what Science (with a capital S) can or can- 
not do. Recently I read this statement of an 
eminent scientist: ‘Among the failures, one 
must also include science. In fact, its failure 
to realize and fulfill its social function is 
probably the most unfortunate of them all.” 
This is comparable to charging a boy of nine 
with failure because he has not shown the 
maturity and achievement of a man of forty. 

Fifty years ago chemistry was considered 
to be a fairly well-advanced science, but it had 
little to contribute to the understanding of 
the functions of the human body or the cure 
of disease, even though the subject had been 
of interest to many chemists for decades. 
Had chemistry failed? I hardly think so; it 
had not grown up enough. A continuation of 
research in the fundamentals of chemistry 
and biochemistry, following lines established 
even fifty years ago, has changed this situa- 
tion to a point where medical men are turn- 
ing more and more to chemistry for an 
understanding of their problems and for 
materials to alleviate or cure human ills. 

In 1890 it was affirmed dogmatically, on 
the “‘authority of science,” that atoms were 
indivisible. “Science had failed to split the 
atom.” Yet researches then under way led 
inevitably to techniques for dividing atoms 
and liberating incredible stores of energy in 
the process. 

Judgments, prophesies, and authoritative 
statements become extremely hazardous 
when we are dealing with a subject whose 
future scope and potentialities are so far be- 
yond our comprehension. We can make defi- 
nite statements about what is known in 
science, we may make judgments in limited 
areas on the basis of consistency with reason- 
ably well established patterns of facts; but 
beyond that the wise man speaks only with 
care. Nobody has realized this more than 
Michael Faraday, who suggested that there 
are many times when the scientist suspends 
judgment altogether and many times when 
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he would do well to exercise proportionate 
judgment rather than absolute judgment. 
Faraday invented the term proportionate 
judgment to indicate the answer that a man 
gives to a question when, after careful study 
of the circumstances, he cannot give a defi- 
nite answer in the affirmative or negative but 
finds that the weight of evidence leans to one 
side rather than the other. A proportionate 
judgment given in terms of the probability 
that a particular conclusion is right can be 
extremely valuable in decisions concerning 
future courses to take. An absolute judgment 
under such conditions can be disastrous. The 
cultural implications arising from the dy- 
namic nature of scientific research have a far 
reaching effect in determining the integra- 
tion of science into the larger body of our 
culture. 
AUTHORITY 

Scientific research differs markedly from 
many other cultural activities in the attitude 
shown to personal authority. In literature, 
for example, the brilliant critic or the per- 
suasive lecturer delivers opinions which meet 
wide acceptance not because they have been 
proved to be consistent or of great intrinsic 
worth but because they are clothed with the 
authority of the deliverer. Arbiters of taste 
and fashion have exerted great influence in 
all ages, on the basis of the personal and 
intellectual force of the arbiter. In science, 
on the other hand, the acceptance of a 
statement of fact or theory depends on its 
fulfilling a rigorous set of standards and its 
falling into place in the body of systematic 
knowledge. Acceptance does not depend on 
the personal authority of him who enunci- 
ated the fact or theory. 

The Laws of Newton would have been 
accepted whoever formulated them. This, 
however, does not in any way diminish our 
debt to the man whose brilliant insight first 
drew them to our attention. Looked at in 
this way scientific research is a thoroughly 
democratic effort. It derives its strength, its 
soundness, its standards and its progress 
from the cooperative efforts of multitudes of 
investigators through a double integration 
over space and time. The brilliant mind and 
the dominant personality point out new and 
fertile regions or weave the results of many 
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into an inspired pattern; but only after their 
work, as well as that of the humblest gradu- 
ate, goes through the mill of debate :nd 
criticism as it is made part of the heritage of 
systematic knowledge. 

It is very difficult to make clear and un- 
ambiguous statements on the subject of 
authority, since the word has many implica- 
tions and the listener is apt to understand it 
in terms of whatever meaning is uppermost 
in his mind. In the more complicated situa- 
tions and subjects, authority has an impor- 
tant part to play. These are generally situa- 
tions where the data cannot be given in 
terms of a simple set of communicable facts, 
where intuition and judgment based on ex- 
perience are of the essence in formulating an 
enlightened decision. These situations are 
still the rule rather than the exception. 

In the fine arts and the useful arts, the 
training, capacity, and experience of the ex- 
pert places him in a position where his opin- 
ion on a subject in his field deserves great 
respect. The musician, the painter, the phy- 
sician or the surgeon can cultivate intuition 
and judgment that clothe them with author- 
ity and give to their respective opinions on a 
piece of music, a painting, or a rare disease, 
a weight in excess of that of the inexperi- 
enced person. Worthy authority can lead to 
refinement of thought and taste or confidence 
in action; ‘fragile or unworthy authority” 
can lead to the opposite results. How to 
distinguish between them? 

In problems of human relations, which is 
an even more complicated subject, worthy 
authority has an important and essential 
part to play. To preserve their integrity and 
general welfare, all societies have vested au- 
thority in a small group, even one individual 
whose authority is respected and obeyed. 
The methods for choosing those to whom 
such authority is delegated and the concen- 
tration of authority without abuse of power 
have been problems that have plagued man- 
kind since before the dawn of history. In 
organizations whose existence depends on 
the focussing of the efforts of a number of 
individuals on a given objective, authority 
as represented by one responsible individual 
has been found to be essential. Here again 
the problems and subjects are complex, the 
necessity for concerted action is great and 
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time is of the essence. In any society or or- 
ganization, the scientist recognizes consti- 
tuted authority in the same way as any 
other thinking person. 

The deemphasis of personal authority in 
scientific research is, therefore, a rather 
unique phenomenon and is, I think, a con- 
sequence of the requirement for exact com- 
munications. This not only confines our 
attention to relatively simple subjects, but 
also ensures that in consideration of these 
subjects all data are expressed in terms that 
permit only objective argument. 

It might be well to gather together the 
thoughts set forth in the preceding pages. 
As a cultural activity, scientific research has 
led to the refinement of thought, customs, 
and values by providing a powerful instru- 
ment in mental education and enrichment of 
our cultural heritage by diverting excess so- 
cial energies away from the “‘easy pleasures”’ 
and from “easy authority” into constructive 
channels of thought and action; into regions 
where objective criteria of consistency may 
be set up. It has liberated a large section of 
thought from the hypnotizing impacts of the 
intellectual exuberance of genius and from 
the forensic dominance of the brilliant per- 
sonality. By placing human communications 
on an exact basis in certain areas of intel- 
lectual effort, it has safeguarded our cumula- 
tive tradition and demonstrated the clarify- 
ing power of the democratic processes of free 
criticism and debate. 


FUNCTIONS OF AN ACADEMY IN THE 
MODERN WORLD 

Let me return now to the third topic I 
promised in the introduction, namely, the 
suggestions of ways in which an Academy 
can take advantage of its varied member- 
ship to foster the integration of science and 
strengthen our relations with other cultural 
activities. 

The strength of the Academy lies in hav- 
ing an active membership, and I am con- 
vinced that ordinary meetings similar to 
those held by numerous scientific societies 
are not adequate means for inspiring activity 
in our membership. Meetings built around 
famous speakers who can develop clearly 
their specialized subjects for the edification 
of those in other fields are apt to produce 
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passivity rather than activity on the part of 
the members. There is no better way of in- 
ducing widespread activities in a group than 
the establishment of a number of committees 
to deal with subjects of live interest. Com- 
munications flow readily among committee 
members and from one committee to an- 
other. In recent years the Academy has had 
several active committees dealing with prob- 
lems in science education especially in high 
schools. Although dealing with limited as- 
pects of the subject of education, these com- 
mittees have shown how much vitality 
interested groups can bring to an organiza- 
tion. They have been most: successful in 
achieving their objectives and have put the 
Academy in the forefront of certain com- 
munity movements for the improvement of 
science teaching in high schools. 

I think there are three important areas of 
adult interest in which this example could 
be followed and a committee structure set 
up. In the first area committees or working 
groups could be established to explore and 
report on regions of pure and applied re- 
search involving several branches of science. 
For example, one such committee could prof- 
itably consider ‘automatic control.” This 
subject would bring together neurologists, 
physiologists, physicists, mathematicians, 
electronic and electromechanical engineers, 
and psychologists, all of whom have deep 
but varied interest in it. The function of the 
group would be to arrange for small discus- 
sions of the subject with a view to present- 
ing a report to the Academy as a whole, 
arranging for a symposium on the subject or 
publishing a review in the journal. I have no 
doubt that such groups could stimulate 
thinking and cross fertilization of ideas as 
well as helping the Academy as a whole keep 
abreast of a field of interdisciplinary in- 
terests. 

In the second area committees or working 
groups could be set up to explore and 
strengthen relations with other groups inter- 
ested in cultural pursuits such as literature, 
music, the fine arts, the social sciences or 
even the Cosmos Club itself. This area is 
much less well defined than the first I men- 
tioned and I think that quick progress 
should not be expected. You will recall that 
the Columbia Historical Society is one of the 
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oldest societies affiliated with the Academy, 
but the communications between the two 
are so attenuated that it has been difficult 
to get a vice-president of the Academy from 
that Society. An important part of that 
committee would be to develop an apprecia- 
tion of the cultural implications of science 
among its correspondents. This is a delicate 
task but I think it could be approached 
through research and group discussion on 
the history of science—where the motives, 
methods, decisions and consequences attend- 
ant on past actions may be studied with 
great interest and profit. The great classics 
of science also furnish rich material for 
studies and reports in this area. If a working 
group could bring to Scientists and musicians 
alike an evening of the charm and grandeur 
of Helmholtz’s ‘On the Sensations of Tone”’ 
it would earn undying gratitude from both 
groups. 

The third area is concerned with educa- 
tion. I have attempted to show you that 
properly oriented courses in one or more of 
the sciences have a great contribution to 
make to the liberal education of those who 
do and those who do not intend to follow 
careers in science or engineering. There is a 
job for heterogeneous groups of scientists to 
do in working out how such courses might 
be “properly oriented” to realize their maxi- 
mum effectiveness, report to the Academy 
as a whole, and then establish a line of com- 
munication with colleges and high schools. 
Time has permitted only a sketchy discus- 
sion of these proposals and no attempt has 
been made to cover all the possibilities. The 
important point I wish to leave with you is 
that the Academy can make most effective 
contributions toward the advancement and 
appreciation of scientific research in an age 
of specialization if it mobilizes its resources 
and organizes its communications along 
lines which have proved to be so effective in 
research itself. 


CONCLUSION 


There are four attributes which may be 
considered as unique to man and are not 
shared by any other forms of animal or plant 
life. These are: 
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1. The capacity for conceptual thought, i.«-. the 
ability to think of and deal with ideas :part 
from material objects or events. 

. The faculty of true speech, i.e. the abili‘y to 
express thoughts and ideas with no limits on 
the refinement or exactness of expression 
that may be achieved. 

3. The ability to devise and use tools. 

4. The urge to seek for origins, causes or pat- 

terns that involve man but that are beyond 

the physical phenomena and forces that make 
up his environment. 


to 


I think that the analysis we have made 
shows how scientific research cultivates and 
uses these uniquely human faculties to an 
extremely high degree. This in itself is a 
direct contribution to the culture of man- 
kind. 

In this address I have attempted to show 
in some detail how scientific research is 
really the cooperative activity of men awake, 
living and working in a world together. In 
the course of our discussion, we have fol- 
lowed the consequences of dreaming under 
control of the object (or objective) in the 
imaginative and systematic application of 
the interplay of experimental theory and 
experimental practice. We have gone one 
step further and suggested that, as the pur- 
suit of science goes forward, the human agent 
and the object recede into subordination to 
the pattern, the design, the logos or Word. 
This has the far reaching implication that 
scientific research is really not part of the 
arrogant humanism that is causing so much 
concern to our moral philosophers today. 
Far from subscribing to the belief in the self 
sufficiency of man to supply all that is 
needed for his intellectual and_ spiritual 
health, scientific research calls for a deep 
humility on the part of its followers, a hu- 
mility inspired by the vastness of the un- 
known compared with the known, a humil- 
ity born of the realization that only through 
dependence on his fellow men of all lands 
and ages can he ever advance even a step 
into this unknown. However, it holds out 
the hope that as generation succeeds genera- 
tion, mankind can gradually weave from 
facts the pattern of creation, a pattern which 
transcends the substance that reveals it to 
us, a pattern which reflects the authority 
from which it ultimately derives. 
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MATHEMATICS.—A_ determinantal inequality of H. P. 


TAUSSKY: DETERMINANTAL INEQUALITY OF ROBERTSON. I 
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Robertson, 1.1 OLGA 


Taussky, National Bureau of Standards.? 


(Received April 9, 1957) 


The following theorem was proved by 
H. P. Robertson [/], who actually was only 
interested in a weaker statement. The 
theorem concerns a positive definite hermi- 
tian matrix H = A + iB where A and B are 
real. It is easy to see that A itself is sym- 
metric and positive definite and that B is 
skew symmetric. The question is: How 
arbitrary are A and B? 

THEOREM 1: The matrix H = A + iBis 
positive definiie if and only if the eigenval- 
ues of tA B are real and <1. 

Proof: Robertson drew attention only to 
the fact that det A > det B. However, his 
own proof which is repeated here, in dif- 
ferent notation, exhibits the stronger result. 

Since 7B is also hermitian, it is known [2] 
that there exists a nonsingular matrix 7 
such that 


a [> 


} 
TiBT’ =| ~*~ | 


’ 


where the \’s are the roots of 
det (AA 1B) = 0. 
These roots are known to be real. Since A is 
symmetric and B skew symmetric, it follows 
that also 
det (AA + iB) = 0. 
Hence the \’s appear in pairs of numbers 
+; or are zero. By the law of inertia, the 
hermitian matrix 
( 1+ 
| 1+ re | 
T(A + iB)T’ =| rh | 


| 14a 


! The preparation of this paper was supported 
(in part) by the Office of Naval Research. 

2 The present address of the author is California 
Institute of Technology. 


has only positive eigenvalues. Since with 
each 1 + A; also 1 — A, is an eigenvalue we 
have |A;| < 1. Conversely, the condition 
'A;| < 1 ensures that A + 7B is positive 
definite. 

In what follows, other relations between 
the matrices H, A, B will be discussed. 

THEOREM 2: If the matrix H = A + iB is 
positive definite then 


det H < det A 


with equality if and only if B = 0. 
Proof: We use again the method of proof 
employed in Theorem 1. It is clear that 


det T(A + iB)T’ < det TAT’ 


since det T(A + iB)T’ is either 1 or 
II(1 d,”) with A; | < 1, while det TAT’ = 
1. Since det T'7’ > O, it follows that 


det (A + iB) < det A 


unless all 4; = O in which case equality 
oceurs. If, however, all A; = 0, then A-'B, 
being similar to a diagonal matrix, must be 
the zero matrix. This implies that B is the 
zero matrix since A is nonsingular. 
Remark: It can further be shown that all 
the elementary symmetric functions (apart 
from the first one) of the eigenvalues of 
A + 7B are less than the corresponding 
elementary symmetric functions of A. This 
can be computed with little difficulty, e.g., 
after transforming A + 7B by an orthogonal 
similarity which transforms B to canonical 
form B, + B. +.--- + B, where B; = 


0 - or the element 0. The principal 
—m QO 


minors can then be determined easily. 
THEOREM 3: Let ai, a2,°*:, a, be the 
eigenvalues of A where a, > a. > -::+ and 


Bi, Bo, -++ , Bn be the eigenvalues of 1B where 
Bi > Bo > -::. Thena; > B,% = 
ee 

Proof: The eigenvalues of A are all pos- 
itive and the eigenvalues 8; are of the form 
+m,, +m:,--- with a zero eigenvalue in 


ay Dy 
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addition in case n is odd. Let m; > my > 

- > m,. > O and assume that ail other 
eigenvalues of B are negative or zero. It is 
sufficient to prove that 


a; > B:, 


The following theorem of H. Weyl 
[3, p. 445] is used: Let H, , H2 be hermitian 
n X nmatriceswith eigenvalues}; > 2x > ---, 
and pw, > we > -:- , respectively. Let Hy + 
H, have the eigenvalues », > wm >-:-. 
Then 


rj + Mj a Vi+j—1 


fitjsnt il 
Apply this theorem +o our matrices A and 
iB and use the fact that A + 7B is positive 
definite. The / smallest eigenvalues of 7B are 
m, < —ms < +--+ < — m. Hence we 


obtain for7 = n+1—72,7 = 1,2,--- ,h, 
the inequalities 
a; m; > 0, am 1,2.--- ,&. 


Remark: K. Fan suggested the following 


3 Actually, Weyl proves this inequality only for 
the nonnegative eigenvalues. However, by adding 
sufficiently large scalar matrices the general case 
can be reduced to Weyl’s. 
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generalizations of theorem 1 which are ob- 
tainable by the same proof. 

Let H, be a positive definite hermitian 
matrix, and let H. be a hermitian matrix. 
Then H,; + Hz is positive definite if and only 
if the eigenvalues of H,;"'H, (which «are 
necessarily real) are all > —l. 

This theorem can again be reformulated 
in the following form: 

Let K, be a positive definite hermitian 
matrix and K». a matrix (with complex ele- 
ments) such that K,K- is hermitian. Then 
KK, is positive definite, if and only if all 
eigenvalues of Ke are real and >0. This can 
be obtained from the theorem above if we 
replace H, by the hermitian matrix 
K,(K. — 1). 

Alternative and further developments were 
suggested by A. J. Hoffman, M. Marcus, and 
I. Reiner. 
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A determinantal inequality of H. P. Robertson, IIT. Marvin 


Marcus,' University of British Columbia and National Bureau of Standards. 


(Communicated by O. Taussky.) 


(Received April 9, 1957) 


Introduction and notation —The results in 
this note are a continuation of those in the 
previous paper [Taussky; /]. 

We use the following notation throughout 
unless otherwise indicated: A and B are 
positive definite Hermitian (p.d.H.) n- 
square complex matrices. The eigenvalues of 
an arbitrary matrix X will be denoted by 
\,;(X) and if these are real then A;(X) < 
dj41(X) is assumed. We use d[X] to denote 
the determinant of X. If A is p.d.H. then 
A‘? will denote the p.d.H. determination 
of the square root of A. The r* elementary 


1 This work was completed while the author 
was a National Research Council-National Bureau 
of Standards postdoctoral associate. 


symmetric function of the eigenvalues of 

X is E,(X). Let w, denote a typical ordered 

sequence of integers satisfying 1 < 7, < 

- <4, <n; by Xw, we mean the principal 
submatrix of X with row and column in- 
dices w,. We list for later reference the 
standard results: 

(i) Ais p.d.H. with the same eigenvalues as 
A; 

(ii) if H = A —A is of dimension n = 2s 
then d[H|] < 0O if s is odd and 
djH| > 0O if s is even. If n is odd 
then d[H] = 0; 

(iii) if a1, -*-,a%,k < n, form an ortho- 
normal (o.n.) set then 


Qo > d{{ (Aa; » 5) }a,jan,---kl > Q; 
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where Q; is the least product obtain- 
able using k of the eigenvalues of A 
as factors, and Q2 is the largest such 
product. 


Results. We prove first the following 
Theorem 1. 
(1) d"{A + BP 
> dA BP + 4d'/{AB]. 


and equality occurs in (1) if and only if 
(2) BA + AB = cl 


for a constant c > 2. 
Proof. From the identity 


(1 + t)? = (1 — t)? + 4¢ 
we compute that 


aA + BP = d"(Ald’"{T + AB] 


d'"(A} [J (1) + 4;(A*B))?” 
j=1 


(n 


& 14ly II (1 — »,(A“B))? 


I/n 


prone 

By means of the Hélder inequality we have 

"(A + BP > d*"[A}y TT (1 —d,(A“B))”" 
j=l 


+ TL a(4B) 


j=l } 
= d'"{Ald""{I — ABP 
+ 4d""[A“Bld""[A] 
= d'"([A — BP + 4d""[AB]. 
Equality in the above inequality can occur 
if and only if 
(1 \;(A“B))? = 4h ;(AB) 
for j = 1,--:, m and h a non-negative 
constant. Thus 


AZT H) = 4h d;(H) 
where H is the p.d.H. matrix A~?BA~”. 


We conclude then that 
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ShH. 
yields (2). 


(J H) = 


Expanding and _ simplifying 


Corollary 1. 


(3) d[A + B] >| d{A —B]| + 2"d*[AB]. 


For the case B = A this generalizes and 
connects Robertson’s inequality with theo- 
rem IT in [/]. 

Corollary 2. /f 1 < r < n then 

(a) if ris odd E,(A — A) = 0; 

(b) if r = 2s for s odd then 


EA — A) > 2'E,(A) —E,(A + A); 


(ec) if r = 2s for s even then 
-A) < EA + A) 


EA -2°E,(A). 


Proof. (a) is immediate. Consider (b). 


Then 
a[(A A)w,] 


Aw] | 


A)w,] | d{(A 


| d{[Aw, 


I 


> —d[Aw, + Aw,] + 27d[Aw,] 
by Corollary 1. Hence 


E(A — A) = Do d{(A — A) 


> 2 ¥ d{Aw,] — XY dl(A + A)a,] 


2°E,(A) — E,(A + A). 


Part (c) is proved in a similar way. 
Theorem 2. Let 1 < k < n. Then 


k k 
(a) [[a(A + A) > 2* TT a,(4); 


(b) if A A is nonsingular and k = 2s 


then 
TT avsig(d + A) > TD astsa(4 — A) 
j=l j= 


_ 
+ 4]] nA). 
j=l 


(c) if A — A isnonsingular andk = 28+ 
1 then 


k 


TT a2" s4:(A — A) > v2/4(A — A) 
j=l 
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’ , 
TT ae" 541(4 — A) +4] a2"(A) 
j=l j=1 


Proof. 

(a) Let a1,---, a be an on. set of 
eigenvectors of A + A correspond- 
ing respectively to \,(A + A), 
-+» Xy(A + A). Then by Theorem 
1, (i) and (iii) we have 

Ah 


[[a,(4 + A) 
j=l 

= d{((A + A)a;,@)J]i. jar... 
d{((Ax; , 2) + (Az,, x] 


> 2"d'"((Aa;, xd" "(Ax 2))] 


II 


k 
2* TT v}7(A)a} (A) 
j=1 


IV 


; 
= 2° [[.,(A). 
j=1 


(b) Since A A is non-singular n = 2m 
and _ the eigenvalues are + 
An—j41(A A), j3 = l,-+:, m. 
Let 21, coe, Be correspond to 
An(A A), *** 5 Deep the A) 
and 2.41, °°*, 2 correspond to 

nA —A),-°-, 
An s+ i(A A) 


respectively where the vectors 
U1, °** , t are o.n. eigenvectors of 


A A. Then 


[] at:4.(A — A) 
j=1 
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ad ‘I((A — A)zx;, x;)] 


d"[(Ax;, x;) — (Ax, , 2))] 


lA 


d'"[(Aa;, x)) + (Az; , 2))| 
— 4d""[(Ax; , x) ]d\"[(Az; , 7) 


< d“(((A + A)z;, x;)] 


— 4] a}"(A)ny*( 4) 
j=l 
k ; P k 
< TT ae ias(A + A) — 4 a2"(A). 
j=1 j=1 


The proof of (c) is done in a similar way. 

By direct methods resembling those of H. 
Wielandt [2] and G. Pélya [3] we derive 
from (a) above that if f is such a function 
that f(e"', e'*, --- , e*) ts increasing in each 
t;, convex and symmetric, then 


< J, +=, By.) 
where a, > -2 @ od Bi 2 <> & 
are respectively the eigenvalues of A and 
(A + A/2). We omit the straight-for- 
ward proof. 


flay ee aie a) 
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I do not know what I may appear to the world; but to myself I seem to have 
been only like a boy playing on the seashore, and diverting myself in now and 
then finding a smoother pebble or a prettier shell than ordinary, while the great 
ocean of truth lay all undiscovered before me.—ISAAc NEWTON 
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HISTORY OF SCIENCE.—Alezxander Dallas Bache—pioneer American scientist. 
A. L. SHatowi1tTz, United States Coast and Geodetic Survey. 


(Received June 18, 1957) 


The year 1957 marks the sesquicentennial 
of the signing into law by President Thomas 
Jefferson of the Organic Act of February 10, 
1807, creating what is today known as the 
Coast and Geodetic Survey. In commemo- 
rating this historic event, which set in motion 
the machinery for surveying and charting 
our coastal regions in aid of foreign and do- 
mestic commerce, it is fitting that we re- 
member the name of Alexander Dallas 
Bache who directed the work of the Survey 
for nearly a quarter of a century during its 
difficult, formative period. 

Bache, a great grandson of Benjamin 
Franklin, was born in Philadelphia in 1806 
during a challenging period in the history of 
our country. Although we had already passed 
what John Fiske has termed ‘the critical 
period in American history,” grave political 
problems still faced the young nation. It was 
a period of growth coupled with uncertainty, 
and whether we were to remain strong and 
indivisible was not to be determined until 
several decades later. It was important that 
wise leaders emerge to direct the political 
future of the country; it was equally impor- 
tant that men of vision and strong person- 
ality emerge to guide the scientific thought 
of the Nation. Alexander Dallas Bache was 
one of those who met that challenge. 


TRAINING AND BACKGROUND 

During his lifetime Bache held many re- 
sponsibilities, any one of which might have 
been considered the successful culmination 
of a life’s work and ambition. As a West 
Point cadet, he distinguished himself by his 
scholastic excellence, graduating at the head 
of his class at the age of 19. At 22 he was 
named to the faculty of the University of 
Pennsylvania as professor of natural philos- 
ophy and chemistry. In addition to his eight 
years at the University, his service to Amer- 
ican education included the presidency of 
two of our foremost schools—Girard College 
and the Central High School of Philadelphia; 
the general superintendency of a city school 


system; and the publication of a monu- 
mental work on European education result- 
ing from two years of intensive study abroad. 

Bache’s interests were varied. As early as 
1830 he had set up a small magnetic observ- 
atory in the yard of his home, and there, for 
the first time in this country, determined 
accurately the periods of the daily variations 
of the magnetic needle. By another series of 
observations he developed a relationship be- 
tween the variations in the direction of the 
magnetic force and the appearance of the 
aurora borealis. He was responsible for es- 
tablishing a magnetic observatory on the 
grounds of Girard College in 1840, the first 
such observatory in North America. And 
from the minute survey of the track of a 
tornado, he established the fact that the 
effects of the storm were due to an ascend- 
ing and progressive column of air by which 
all objects were drawn inward, without any 
whirling motion at or near the ground as had 
been supposed. 

His association with the Franklin Institute 
gave his research a practical turn. He was 
made principal director of a committee of 
the Institute investigating the causes of 
bursting steam boilers which had been tak- 
ing heavy toll of human life and property. 
He studied the comparative corrosion of 
metals by salt water and ascertained by ex- 
periment the value of water as a moving 
power. 

SUPERINTENDENCY OF THE COAST SURVEY 

The crowning achievement of Bache’s ca- 
reer came on December 12, 1843, when 
President Tyler named him to the superin- 
tendency of the Coast Survey, upon the 
death of Ferdinand Hassler. It is this period 
of his life that is significant in this sesqui- 
centennial of the Survey. His selection to this 
important scientific and technical post had 
the concurrence of all the principal scientific 
and literary institutions of the country and 
of many in Europe. It was said that no such 
weight of commendation was ever brought 
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at any time in support of a candidate for 
office on purely intellectual grounds. 

Bache attained preeminence while serving 
as head of the Survey. He possessed by na- 
ture those qualities most conducive to suc- 
cess in the management of widely extended 
public interests. An orderly and scientific 
mind, combined with administrative ability 
of a high order, enabled him to cope success- 
fully with the many organizational problems 
that faced his administration and to govern 
and guide the diverse elements of the vast 
undertaking with tact and skill. In this char- 
acteristic he was almost the antithesis of his 
predecessor, which perhaps accounts for 
Hassler’s administrative difficulties and of 
Bache’s success. Hassler had no patience 
with Congressional investigations that ques- 
tioned his management. Bache’s conciliatory 
and magnanimous nature, on the other hand, 
won for him the respect and cooperation of 
those with whom or under whom he had to 
work. No better example of this could be 
had than the letter which Secretary of the 
Treasury Spencer wrote to Bache at the time 
of his resignation from the cabinet, only five 
months after Bache had been named super- 
intendent of the Survey in opposition to 
Spencer’s wishes. 


I am unwilling to leave this Department with- 
out communicating to you the great pleasure I 
have derived from the intercourse which has sub- 
sisted between us since your appointment as 
Superintendent of the Coast Survey; and my 
convictions of the great service you have already 
rendered the country in the arrangements made 
for carrying on that work....My thorough 
knowledge of all your difficulties, plans and im- 
provements, derived from the intimate communi- 
cations that have been maintained between us, 
justify me in saying, that in my opinion the work 
could not be entrusted to more capable and 
judicious hands than yours.... 


But Bache too had his difficulties. More 
than once he was sorely beset by committees 
of Congress—remindful of those that 
plagued Hassler—demanding to be furnished 
a date when the operations of the Survey 
would “cease and determine.’’ Public senti- 
ment, and more especially the sentiment of 
Congress, apparently had not yet sufficiently 
developed to consider with equanimity the 
indefinite continuation of the organization. 
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Bache weathered many attacks on the 
floor of Congress, some of which bordered on 
the grotesque. For example, one of the 
charges against the Coast Survey was that 
making astronomical observations for lati- 
tude, longitude, and azimuth at various field 
stations violated the provisions of the Act of 
1832 against the establishment of a national 
observatory by the Coast Survey. Or, the 
charge that the Superintendent is not always 
in the field. To this, one of his supporters 
replied : 


The Superintendent, sir, is not always in the 
field, it is true. He cannot always be in the field, 
but he is in the field for eight months in the year, 
conducting and superintending the observations— 
always, when in the field, making astronomical 
and geodetic observations himself.... But he 
cannot be in all the points of the survey at once. 


It is an interesting fact that from 1844 to 
1860, with two exceptions, all of Bache’s 
annual reports to the Secretary of the Treas- 
ury were dated from places away from 
Washington. 

Congressional uneasiness was allayed with 
the report of the “‘Committee of Twenty,” 
appointed in 1857 by the American Associa- 
tion for the Advancement of Science, to ex- 
amine into the character and progress of the 
Coast Survey. The committee, consisting of 
the leading scientists and educators, was 
highly laudatory of the management, prog- 
ress, and outstanding achievements of the 
Survey. Two of the twelve findings hold 
special significance for the Bache adminis- 
tration: 


5. This work has conferred many valuable 
benefits upon science, indirectly and incidentally, 
in the invention of instruments, in the improve- 
ment of methods of observation or computation, 
in the development which it has given to special 
subjects of interesting inquiry, and in the stimulus 
which it has furnished to the scientific talent of 
the country, especially in the field of astronomical 
observation and investigation. 

6. A careful study of the progress made from 
year to year, especially since the enlargement of 
the scale of operations under the present Superin- 
tendent, affords ample evidence that the work has 
been expeditiously prosecuted, and that the 
amount accomplished up to the present date is 
materially greater than has ever been accom- 
plished in any other country in the same length 
of time and with the same means. 
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How well Bache had succeeded in over- 
coming misunderstanding and opposition is 
told by Joseph Henry, one of his contempo- 
raries: 

When Professor Bache took charge of the 
Survey, it was still almost in its incipient stage, 
subjected to misapprehension, assailed by unjust 
prejudice, and liable, during any session of Con- 
gress, to be suspended or abolished. When he 
died, it had conquered prejudice, silenced oppo- 
sition, and become established on a firm founda- 
tion as one of the permanent bureaus of the 
executive Government. 


In original concept, the plan for the Sur- 
vey of the Coast was Hassler’s, but Bache 
gave it form and direction. When Hassler 
died, only the foundation had been laid; the 
building of the superstructure fell to his suc- 
cessor. Bache adapted Hassler’s plan to an 
expanding and developing America. The 10- 
year period following Bache’s appointment 
saw more land added to the United States 
than in any other decade of American his- 
tory. (Texas and the whole Pacific region 
were added during his tenure.) 

Early in his administration, Bache saw 
that by working north and south from New 
York as a center, as Hassler had done, there 
would be a limit put on progress. His first 
major move therefore was to divide the At- 
lantic and Gulf coasts into nine sections, in 
ach of which the essential operations were 
to be performed simultaneously by separate 
parties. This arrangement had both practical 
and political advantages. It permitted the 
production of charts of important southern 
harbors, in advance of the tedious process of 
surveying the long stretches of intervening 
coastline, and thus opened these ports to 
commerce. But of even greater benefit at the 
time was the support it gained from these 
States in Congress who hitherto had diffi- 
culty in relating the operations of the Sur- 
vey to their particular needs. Before the 
close of the forties, parties worked in every 
State along the two coasts, and the first 
geodetic party set out with instruments on 
the long journey to the Pacific coast. 


CONTRIBUTIONS TO AMERICAN SCIENCE 


Under Bache’s careful guidance and sym- 
pathetic understanding, the Coast Survey 
not only kept pace with the progress of art 
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and science but also made many notable and 
original contributions in the fields of priacti- 
cal astronomy, hydrography, and cartog- 
raphy. The whole intellectual resources of 
the country were made tributary to its use- 
fulness, and Bache enlisted, either as officers 
of the Survey or as temporary assistants for 
some special assignment, such men as Agas- 
siz, Mitchell, Walker, Peirce, Bond, and 
Gould—all in the forefront of scientific 
thought. From the Army and Navy he re- 
cruited the ablest officers. These not only 
attained distinction in the Coast Survey, but 
distinguished themselves later as military 
and naval officers. Among them were Hum- 
phreys, Stevens, Hunt, Johnston, and Hill of 
the Army, and Porter, Davis, Rodgers, Al- 
den, Craven, and Luce of the Navy. Even 
the man who was later to become one of the 
world’s most renowned etchers, James Me- 
Neill Whistler, put in an apprenticeship as a 
draftsman during this period, and, although 
his association with the Bureau was on the 
hectic side and shortlived, his biographer has 
said of his training in the Coast Survey that 
it was “in the hardest and most perfect 
school of etching in the world” and was 
“memorable for the technical instruction he 
received.” 

Bache’s outlook was so broad, and his 
interest so universal, that any aspect of the 
work of the Survey received his enthusiastic 
encouragement and support. 

The Horrebow-Talcott method of latitude 
determination with the zenith telescope re- 
ceived great impetus toward worldwide use 
through its adoption and refinement by 
Professor Bache. The accuracy of the results 
obtained was superior to that of every other 
field method and compared favorably with 
the results obtained with the largest observ- 
atory instruments. It became so intimately 
identified with the work of the Survey, that 
it was known abroad as the Coast Survey 
method. Professor Gould, the noted astrono- 
mer, has said: ‘““To Bache we owe the recog- 
nition and adoption of this transcendent 
method, and to him also those refinements 
of process and improvements of apparatus, 
by which alone its accuracy is rendered 
possible.” 

Within a few months after Morse flashed 
his first telegraphic message over the wires 
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between Baltimore and Washington, Bache 
began experiments for an application of the 
telegraph to longitude determinations. The 
method was put into successful operation 
during the latter part of 1846, and time sig- 
nals were exchanged between Washington 
and Philadelphia. Among the earliest results 
was the discovery that the time required for 
the transmission of electric signals was ap- 
preciable, and therefore measurable. 

For fixing the longitude of the United 
States with respect to Greenwich, the Coast 
Survey, during the years 1849 to 1855, in- 
stituted expeditions to exchange chronome- 
ters between Cambridge, Mass., and Liver- 
pool, England; and upon the completion of 
the first transatlantic cable in 1866, a proj- 
ect was organized to make use of the cable 
to measure the difference in longitude be- 
tween the two continents. The actual use of 
the cable for this purpose did not occur until 
after Bache’s death, but he had made all the 
preliminary arrangements and had sponsored 
the idea from the beginning. 

The adoption and perfection of these 
methods of determining latitude and longi- 
tude placed this country well in the forefront 
of astronomic achievement, and it was freely 
stated at the time that geographical values 
of the positions of the principal astronomic 
stations of the Coast Survey were deter- 
mined with greater accuracy than the values 
known for any European observatory. 

Bache perfected a base-measuring appara- 
tus that was a combination of brass and iron 
bars, designed to be self-compensating for 
changes due to temperature variations. The 
actual length of the combination thus re- 
mained invariable, and gave results of al- 
most unbelievable accuracy. In 10 days 
Bache personally measured the 7-mile Bodie 
Island Base on the coast of North Carolina, 
with a probable error of less than 0.1 inch 
and a total uncertainty of 1 inch. 

Not only were astronomy and geodesy 
gainers of these new methods and researches, 
but other sciences were similarly promoted 
and their advancement stimulated. The 
range of the Survey was made to cover al- 
most the whole range of the physical sci- 
ences. Bache’s determination that the maps 
and charts of the Coast Survey should be 
carried to every man’s door having an inter- 
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est in commerce, navigation, geography, or 
science is an indication of his broad vision of 
the scope and purpose of the Survey. 

Many studies in oceanography were un- 
dertaken. Special attention was given to an 
investigation of the Gulf Stream and its 
structure and laws detected for the first 
time. By 1860, 14 sections of the stream had 
been surveyed, 300 positions occupied, and 
3,600 observations of temperature made. 
Louis Agassiz, the great naturalist, was 
twice sent to Florida to study the coral reefs, 
their method of formation, and the laws 
which promote and restrict their growth. 

Tides and currents also received much 
attention, leading to the adoption of new 
methods and instruments. A self-registering 
tide gauge was designed to record automat- 
ically the rise and fall of the tide. This gave 
the first strong impetus to the systematic 
study of tidal phenomena in the United 
States, with the result that the first pub- 
lished tables of tidal predictions were 
brought out by the Survey in 1855. The 
character of the ocean currents along our 
coasts was determined, and their causes 
elicited. 

Hydrographic operations were extended 
and our coastal charts became fringed with 
soundings. The first surveys of the impor- 
tant Georges Bank, 200 miles from the shores 
of Cape Cod, were begun by Stellwagen; and 
James Alden began his surveys along the 
Pacific coast, following the discovery of gold 
in California. A new way to carry on deep- 
sea sounding and to bring up samples of the 
ocean bottom was also developed. 

In keeping with his early interest in geo- 
magnetism, Bache furthered this activity 
while head of the Coast Survey. A limited 
number of observations had been made in 
connection with land surveys prior to his 
assuming the superintendency, but he was 
quick to recognize the practical importance 
of the work in connection with navigation. 
His interest, however, did not stop there, 
and it is to his credit that he went beyond 
the immediate pressing needs and began the 
scientific attack on the problems of the mag- 
netic survey of the United States. By 1855, 
it was possible to prepare lines of equal mag- 
netic declination for all the coastal areas. 

In nautical charting and related fields, 
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studies were made of map projections, an 
electrotype process was experimented with 
for reproducing the original engraved copper 
plates, and toward the end of Bache’s ad- 
ministration, an attempt was made to print 
charts in color. As an adjunct to the chart, 
Bache inaugurated the compilation of coast 
pilots, or sailing directions, as official Gov- 
ernment publications. In 1857, George Da- 
vidson completed his first edition of the 
Directory of the Pacific Coast, forerunner to 
his monumental Pacific Coast Pilot of 1889. 

Nor were history and geography over- 
looked. Bache fostered several studies of the 
history of the early discoveries and explora- 
tions along both the Atlantic and Pacific 
coasts, notably those_of Kohl, and in 1856 
he wrote at length upon the difficulty of de- 
ciding upon the correct form of geographic 
place names, especially on the West coast. 

In short, as Superintendent of the Coast 
Survey, Bache was able to give full scope to 
his rich scientific background and to his ex- 
traordinary administrative talents in chart- 
ing the course of the Survey for many years 
ahead. No finer tribute, in this respect, could 
be paid him than what was said by Benjamin 
Peirce, foremost American mathematician of 
his time, on his succession to the superin- 
tendency of the Coast Survey upon the 
death of Bache in 1867: 


This important service originated with Hassler; 
but it received its efficient organization from 
Bache. . . . It is only necessary to conscientiously 
and faithfully to follow in his footsteps, imitate 
his example, and develop his plans in the adminis- 
tration of the Survey. To describe what the 
Superintendent should do is simply to describe 
what Bache actually performed....I have 
before me the inspiration and example of my 
friend Bache. It is his organization. I have only 
to administer as he showed the way. 


IN RETROSPECT 

Those of us in the Coast Survey who are 
privileged to look back upon the first century 
and a half of the Survey’s existence can sub- 
scribe fully to the sentiments so beautifully 
expressed by Professor Peirce. Were Bache 
to return to his old post today he would 
doubtless be amazed by some of the methods 
and equipment now in use—geodimeters for 
measuring baselines by means of light waves, 
electronic instruments for determining the 
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survey vessel’s position at sea by means of 
electromagnetic waves, echo-sounding §in- 
struments for obtaining water depths from 
sound waves, and photogrammetric equip- 
ment and stereoplotting instruments for 
mapping the land areas from aerial photo- 
graphs—nevertheless, it was he who set the 
pattern for the Survey, and it was his readi- 
ness to investigate and adopt new methods 
in the early stages of applied science in this 
country that provided the inspiration to 
those who followed him. 

In the 23 years of his administration the 
Coast Survey had grown from a small or- 
ganization, confined in its operations to a 
limited area of the Atlantic coast, to one of 
nationwide activity and worldwide renown. 

Bache’s interest in science transcended the 
scope of the Survey under its statute of au- 
thorization. He was concerned with Ameri- 
can science generally and felt that “an 
institution of science, supplementary to ex- 
isting ones, is much needed in our country, 
to guide public action in reference to scien- 
tific matters.”” He therefore became instru- 
mental in the establishment of the Smith- 
sonian Institution, of which he was a regent, 
and in the founding of the National Academy 
of Sciences, of which he was the first presi- 
dent. Of his part in organizing the latter, 
his biographer, Merle Odgers, says: 

The Albany address of 1851 [as retiring presi- 
dent of the American Association for the Advance- 
ment of Science] is a landmark in the history of 
American scientific organization and of the estab- 
lishment of the National Academy of Sciences. 
In it he sketched the development of national 
scientific organizations and envisaged a more 
general or world union of such organizations when 
“modern facilities of communication. . . shall have 
brought Berlin and New York as near as were 
Berlin and Paris at the close of the last century.” 


Although the Academy did not become a 
reality until March 3, 1863, when President 
Lincoln approved the bi!l incorporating it, 
Bache worked indefatigably toward its for- 
mation, and Arnold Guyot credits him with 
being its founder. 

Alexander Dallas Bache emerges as one of 
the great pioneer personalities of nineteenth 
century America. Science and education 
have been enriched by his impact on them. 
His life has become an inseparable part of 
the history of America. 
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GENETICS.—Tradition and conceptive selection. Joan A. O’KrEFre, Washington, 


D.C. 


(Received April 17, 1957) 


From a biological standpoint, the loss of 
life from birth through the reproductive 
years is very small, at least in Western 
civilization. In the United States, out of 100 
live births, 75 will live to age 45. It follows 
that the processes of natural selection and 
the survival of the fittest have very little to 
work with from birth to death. The survival 
of an infant to maturity is practically guar- 
anteed regardless of his bodily constitution 
or his physical or mental strength. Conse- 
quently there is little biological advantage in 
these qualities, and little reason to expect 
the human race to advance in these direc- 
tions. 

The forces of selection are, however, still 
vigorously at work in the prenatal period, 
especially at conception. The annual loss of 
life due to contraceptives in the United 
States can perhaps be estimated by com- 
paring the present birth rate of 25 per thou- 
sand with the birth rate of 35 per thousand 
which existed in England in the middle of 
the nineteenth century (there are no con- 
temporary United States figures, but from 
the population changes between censuses it 
was at least as large). The difference of 10 
per thousand per year represents 1,700,000 
lives per year. This figure is almost as great 
as the total of all causes of death combined; 
and it is about four times as great as the 
total annual loss of life from birth to age 45. 
It is thus more than 10 times as efficient as 
a source of selection than any cause of death 
whatever. 

We might call this selection conceptive 
selection and contrast it with natural selec- 
tion (by death) and with sexual selection, 
which is the process by which some creatures 
gain a biological advantage over others 
through greater efficiency in obtaining a 
mate. If we regard the germ cells as indi- 
viduals, it is, of course, a form of natural 
selection. 

Conceptive selection favors, obviously, 
any variation, biochemical or physical, of 
the human reproductive cells which would 
permit them to escape the various traps 


and poisons which are provided for them. It 
is imaginable that over the course of the past 
50 years there has been some tendency for 
resistant strains to appear, not easily slaugh- 
tered by the more usual agents, just as we 
have witnessed the appearance of penicillin- 
resistant strains of bacteria, or DDT-resist- 
ant flies. It would appear, however, to be a 
losing game; the microscopic spermatozoon 
is pitted against the great modern chemical 
laboratories. 

Conceptive selection may work in another 
way, however, offering more praspects of 
long-term success. This is through the par- 
ents. If there should turn up any inheritable 
character which would predispose parents to 
refuse to employ any contraceptive means 
whatever, then evidently this character 
would be strongly favored by conceptive 
selection. It used to be suggested that sheer 
stupidity was such a factor; and that in 
consequence the human race was threatened 
with engulfment by legions of the feeble- 
minded. Of late, some doubt has arisen 
whether all or most feeble-mindedness is in- 
herited in the strict biological sense. Cretin- 
ism, for example, was widely regarded as 
hereditary, until about 1900, when it was 
found to be an iodine-deficiency disease. 
Probably there are few hereditary mental 
traits which influence conceptive selection. 

On the other hand, there is another sense 
in which we receive mental traits from our 
parents which may very well influence con- 
ceptive selection, namely, the transmittal of 
cultural patterns. The most obvious example 
is language; most of us speak the language 
of our parents not because of biological 
heredity but because of family training. 
However, it is almost as certain that the 
child of English-speaking parents will speak 
English as it is that the child of blue-eyed 
parents will be blue-eyed. Let us give the 
name of tradition to this method of passing 
on characteristics. It is nearly the same as 
the thing defined as tradition in Russell 
Kirk’s book Prospects for Conservatives. 

The power of tradition to pass on a pre- 
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cise pattern is not so great as the power of 
heredity. The modern Hindu religion re- 
tains Vedic hymns written 3,500 years ago, 
including the Sanskrit language of that 
time, with its elaborate system of nouns 
with eight cases and three numbers, and 
verbs with three numbers, five moods, two 
voices, and ten tenses. This is remarkable, 
but not so remarkable as the preservation of 
the genetic pattern of the horseshoe crab 
since the Paleozoic. Nevertheless the stabil- 
ity of tradition is sufficient to make it a 
strong factor in the survival of a human 
strain over a period of several thousand 
years. 

The effect of conceptive selection in each 
generation is surprisingly strong. Analysis of 
the 1950 census figures shows that it is not 
a bad representation of the data to say that 
one-fourth of all couples have no children; 
one-fourth have | child; one-fourth have 2 
children; and one-fourth have 3 or more, 
averaging, say, 5. Then from 8 couples we 
have 8 children, but the distribution of the 
8 children over the families is entirely differ- 
ent from the distribution of the parents. U. 
S. Children’s Bureau statistics as of 1940 
showed that half of the children are sup- 
ported by less than one-sixth of the families. 

It is very well known that large families 
tend to differ systematically from small 
families. They tend to be more rural, more 
religious, poorer, less educated than the 
small families. In Louisiana, they are more 
often French-speaking than the average. 

All these differences represent influences 
tending to preserve the traditional attitudes. 
This fact undoubtedly is at least partially 
the cause of the differences in family size; 
but that is not the point here. The point 
here is that differences in family size tend to 
reinforce the traditional attitudes; they tend 
to make the population more religious, more 
rural, and less educated. They also tend, 
obviously, to raise the size of families, so 
that the low average size of families is only 
maintained by recruitment from large fam- 
ilies, just as cities are maintained by recruit- 
ment from the countryside. 

It is possible that in our time we are wit- 
nessing the emergence of family strains with 
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traditions which are resistant to contracep- 
tion. In view of what has just been said 
about conceptive selection, it would be |ogi- 
cal to expect this. In addition, there are 
several lines of positive evidence. 

First, there is the unexplained rise of the 
American birth rate, beginning during the 
Depression and continuing through the war 
and postwar years. This was originally at- 
tributed to economic causes, then to the 
war; but now it is seen that there is some 
deeper cause. There has been a similar, but 
smaller rise in European birth rates. The in- 
crease in fertility in both continents has, 
however, been even larger than the increase 
in the birth rate; at the lowest point of the 
birth rate, during the Depression, it was 
often pointed out that the rate was being 
kept up by the fact that there was a surplus 
of persons of reproductive age left over from 
a period of higher birth rate. Hence a mere 
constancy of the birth rate would have 
meant a rising fertility; a rising birth rate 
has meant a very considerable change. This 
points to a shift in the average attitude to- 
ward large families. The shift is not due to 
any propaganda effort; in fact the organs of 
opinion sometimes seem to be deliberately 
trying to stem the tide. 

Second, there is the strengthening of or- 
ganized religion, both Catholic and Protes- 
tant, manifesting itself both in increased 
church membership and increased church- 
building. For the first time in United States 
history, the majority of citizens belong to 
some church. This is one of the most often 
remarked phenomena of our time; and it is 
well known that it is not due to any par- 
ticular evangelism. 

These signs point to a revival of tradi- 
tional feeling. It is hard to associate any of 
them with any new intellectual develop- 
ments which were not present, say, in the 
1920’s. There is a strong suggestion that 
each is due to the influence of conceptive 
selection. The human race seems to be mov- 
ing, in a pseudo-evelution, toward a set of 
traditions capable of protecting the species 
against the ingenious inventions of indi- 
viduals. 
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PALEONTOLOGY .—New genera of Early Cretaceous ammonites from California 
and Oregon. Raupx W. Imiay,' U.S. Geological Survey. 


(Received May 3, 1957) 


Studies of Early Cretaceous (Valanginian- 
Hauterivian) ammonites from the West 
coast of the United States have demon- 
strated that some of the ammonites belong 
to new genera. These are validated herein 
in order that their names may be used in the 
near future in stratigraphic papers now 
being prepared by geologists of the U. S. 
Geological Survey and of the Oregon De- 
partment of Geology and Mineral Resources. 


Family BERRIASELLIDAE Spath 
Subfamily NeocomiTINAE Spath 


Hannaites Imlay, n. gen. 


Hannaites is characterized by fairly tight 
coiling of whorls of small to medium size; a 
compressed, subquadrate whorl section; a trun- 
cated venter; a vertical umbilical wall; flexuous 
ribs that tend to fade out on the lower parts of 
the flanks; strong forwardly arched ribs on the 
venter; backwardly inclined umbilical tubercles; 
spirally elongated ventral tubercles at the ven- 
tral shoulder; a body chamber that tends to 
retract from the remainder of the shell; many 
shallow constrictions; appreciable variation in 
the strength of ribs and tubercles; and a fairly 
short, narrow, slightly asymmetrical first lateral 
lobe. The type species is Neocomites riddlensis 
Anderson (1938, p. 167, pl. 30, figs. 1-4). 

Hannaites greatly resembles Leopoldia (Baum- 
berger, 1906, pp. 28-47) in lateral view but 
differs by having a flatter venter, sharply defined 
ventral shoulders, continuous strong ribbing 
across the venter, considerable variation in the 
strength of its ornamentation, the presence of 
constrictions in adults; and the tendency of its 
body chamber to become scaphitoid. Also, the 
suture line appears to have a much narrower 
first lateral lobe than that of Leopoldia. 

Hannaites is named in honor of G. Dallas 
Hanna, of the California Academy of Sciences. 

Hannaites has to date been found only in 
Oregon in beds of early to middle Hauterivian 
age. 

! Publication authorized by the Director, U. 8. 
Geological Survey. 


Family OLCOSTEPHANIDAE Haug 
Subfamily PoLtyprycuitTiINaE Spath 


Wellsia Imlay, n. gen. 


Wellsia bears many resemblances to the genus 
Neocraspedites (Spath, 1923, p. 17) based on 
Craspedites semilaevis V. Koenen (1902, p. 80, 
pl. 5, figs. 8-10). It differs by its ribs being arched 
forward more strongly on the venter and some- 
what reduced in strength along the mid-ventral 
line, by its umbilical swellings disappearing at 
an earlier growth stage, by its venter being more 
narrowly rounded, and by its umbilicus being 
slightly smaller. The type species is designated 
as Dichotomites oregonensis Anderson (1938, p. 
159, pl. 30, fig. 5). The genus likewise includes 
Lyticoceras packardi Anderson (1938, p. 164, pl. 
31, figs. 2-5). 

It is named in honor of Francis G. Wells, of 
the U. 8S. Geological Survey, in recognition of 
his important contributions to the geologic 
knowledge of Oregon and California. 

Wellsia has been found only in Oregon in beds 
of early Hauterivian age directly overlying beds 
containing the pelecypod Aucella crassicollis 
Keyserling and the ammonites Olcostephanus, 
Sarasinella, and Thurmanniceras. 


Hertleinia Imlay, n. gen. 


This genus has a moderately compressed shell, 
subquadrate whorl section, and a moderately 
arched venter. The umbilicus widens during 
growth from fairly narrow to fairly wide. The 
umbilical wall is low and vertical. The ornamen- 
tation consists of strong primary ribs that curve 
backward on the umbilical wall, curve forward 
on the lower two-fifths of the flanks and then 
divide into two weaker secondary ribs that con- 
tinue the forward inclination of the primary 
ribs. One, or both, secondary ribs of each pair 
bifureate between the middle and the upper 
third of the flanks. A few ribs begin freely near 
the middle of the flanks. The ribs continue across 
the venter without diminution in strength and 
with a gentle forward arching. Many shallow 
constrictions occur on each whorl. The suture 
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line is characterized by having long, rather slen- ~ 


der lobes. 

Neocraspedites aguila Anderson, 1938, p. 156, 
pl. 25, figs. 1-3, pl. 68, fig. 4) is designated as 
the type species. The genus, also, includes N. 
rectoris Anderson (1938, p. 157, pl. 23, fig. 2) and 
N. signalis Anderson (1938, p. 157, pl. 26, fig. 1). 

The genus is named in honor of Leo G. Hert- 
lein, of the California Academy of Sciences. 

Hertleinia is distinguished from Neocraspedites 
in which its species were placed by Anderson 
(1938, p. 156, 157) by its shell being much more 
evolute in the adult, by its ribs persisting on the 
middle of the flanks, and by its ribs arching fer- 
ward much less strongly on the venter. Hertleinia 
differs from Craspedodiscus Spath (1924, p. 77) 
by becoming more evolute during growth, by 
its venter remaining moderately broad in the 
adult instead of becoming narrow, by retaining 
ribbing on its flanks in the adult, and by the 
ribs being much less strongly arched on venter. 

Hertleinia has been found only in California 
associated with species of //oplocrioceras a few 
hundred feet above beds containing Simbirskites 
of middle Hauterivian age and many hundreds 
of feet below an occurrence of the Barremian 
ammonite Pulchellia. Its age is considered to be 
only slightly younger than that of Simbirskites 
and, therefore, late Hauterivian. 


Subfamily SiMBIRSKITINAE Spath 


Hollisites Imlay, n. gen. 


This genus has a stout to fairly stout shell, 
moderately evolute coiling, regular bifurcating 
ribs on its inner whorls, virgatoid ribs on its 
outer whorls, and a suture line characterized by 
a fairly wide first lateral lobe. //. lucasi Inlay, 
n. sp. is designated as the type species. 

Immature specimens of //ollisites have peri- 
sphinctoid ribbing similar to that on small speci- 
mens of the genus Speetoniceras (Spath, 1924, 
p. 76) from England (Danford, 1906, pl. 12, fig. 
3) and Russia (M. Pavlow, 1886, pl. 1, figs. 4, 5; 
A. Pavlow, 1891, pl. 15(8), figs. 3a—c; pl. 18 (11), 
figs. 12, 14), differing mainly by losing their 
lateral tubercles at a very small size. Adult speci- 
mens of Hollisites differ from the adults of 
Speetoniceras (M. Pavlow, 1886, pl. 1, fig. 1, p. 2, 
figs. la, b; A. Pavlow, 1891, pl. 18(11), fig. 13a; 
Karakasch, 1907, pl. 13, fig. 4a) by being more 
involute, by acquiring weaker, denser, virgatoid 
ribbing, and by lacking tubercles at the points 
of rib fureation. The branching of the ribs at 
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various heights above and below the middle of 
the flanks is in striking contrast to the regular 
bifurcation of the ribs on adults of Speetonic: ras, 

Among Eurasian species Hollisites probably 
includes ‘‘Simbirskites’’ auerbachi Eichwald 
(1868, p. 1092, pl. 34, figs. 9c-d; Karakash, 
1907, p. 130, pl. 13, figs. la, b, 5a, b, pl. 24, 
figs. 30, 31) from the Crimea and “‘Perisphinctes” 
koenent Neumayr and Uhlig (1881, p. 18, pl. 21, 
figs. 1, la) from Germany. 

Hollisites is named in honor of Hollis M. Dole, 
State geologist of Oregon. 


Fic. 1.—Whorl section of MHollisites lucasi 
Imlay, n. sp., near adoral end of holotype at diam- 
eter of 170 mm. X4. 


Hollisites has been found in Oregon associated 
with the ammonite Simbirskites of middle 
Hauterivian age. In California it occurs with, or 
slightly below, Hertleinia aguila (Anderson) of 
late Hauterivian age. The large fragment named 
Polyptychites hesperius Anderson (1938, p. 154, 
pl. 24, figs. 1, 2) probably belongs to Hollisites 
and was found at.the same locality as Simbir- 
skites broadi Anderson (1938, p.155, pl. 22, figs. 
2, 3). Judged from these occurrences, /ollisites 
is of middle to late Hauterivian age. 


Hollisites lucasi Imlay, n. gen. 


The holotype is entirely septate, and the body 
chamber is unknown. At the beginning of the 
outermost whorl of the holotype the whorl sec- 
tion is ovate and as wide as high. At the adoral 
end the whorl is a little wider than high. The 
outer whorl embraces about half of the preceding 
whorl. The flanks are gently convex and the 
venter is evenly rounded. The umbilicus is mod- 
erate in width and fairly shallow. The umbilical 
wall is vertical, fairly low, and rounds abruptly 
into the flanks. 

The ribbing on a small specimen and on the 
inner whorls of a paratype is perisphinctoid. The 
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Aveust 1957 IMLAY: 
primary ribs curve backward on the umbilical 
wall, incline forward on the flanks, and bifurcate 
regularly at the middle of the flanks. The second- 
ary ribs incline forward more strongly than the 
primary ribs and arch forward gently on the 
venter. The fureation points are swollen but not 
tuberculate. Toward the adoral end the ribbing 
tends to become flexuous and at two places is 
virgatomous. Constrictions are common. 





Fic. 2.—Suture lines of Hollisites lucasi Imlay, 
1. sp., drawn from holotype near adoral end. X%. 


+ 


The ribbing on the outer whorl of the para- 
type, just mentioned, and on the holotype is 
mostly virgatomous. The primary ribs bifurcate 
at about two-fifths of the height of the flank and 
then the posterior rib of each pair of secondary 
ribs bifurcates again at about three-fifths of the 
height of the flanks. The secondary ribs are ap- 
preciably weaker than the primary ribs, are 
inclined forward more strongly on the flanks, 
and arch forward gently on the venter. Eight 
constrictions occur on half a whorl. Toward the 
adoral end of the holotype more of the second- 
ary ribs bifurcate above the middle of the flank 
and some secondary ribs arise freely near the 
middle of the flanks. 

The holotype at a diameter of 170 mm has a 
whorl height of 67 mm, a whorl thickness of 69 
mm, and an umbilical width of 58 mm. 

The suture line greatly resembles that of 
Hertieinia aguila (Anderson) (1938, pl. 25, fig. 2, 
pl. 68, fig. 4) in general plan. It differs mainly 
by having a broader first lateral lobe. 

H. lucasi Imlay, n. sp. greatly resembles 
“Simbirskites”’ auerbachi Eichwald (Karakasch, 
1907, p. 130, pl. 13, figs. la, b, 5a, b) from the 
Crimea in plan of ribbing and in suture line. It 
differs by having more virgatomous ribs and a 
somewhat broader venter. Its rib pattern is 
similar to that of ‘Perisphincctes’’ koeneni 
Neumayr and Uhlig (1881, p. 18, pl. 21, figs. 1, 
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la) from Germany, but it differs by having much 
stouter whorls and broader sutural lobes. 

Hollisites lucasi Imlay, n. sp. is named for 
Larry Lucas of Agness, Oregon, who collected 
the holotype specimen on the south side of the 
Rogue River 144 miles below Agness, Curry 
County, Oregon. Its age is probably middle 
Hauterivian because from the same general loca- 
tion have been found specimens of Hannaites 
riddlensis (Anderson), Simbirskites?, and Hoplo- 
crioceras. The paratypes were obtained at USGS 
Mes. loc. 1092 in association with, or just lelow, 
Hertleinia aguila (Anderson) which is considered 
to be of late Hauterivian age. 

Holotype: U.S.N.M. 129045; paratypes: US. 
N.M. 129044. The paratypes were collected at 
U.S.G.S. Mes. loc. 1092, which is about half a 
mile northeast of the buildings at the Wilcox 
Ranch, Tehama County, Calif. Stratigraphically 
they occur about 200 feet above the top of the 
sandy beds containing Aucella crassicollis Keys- 
erling. 
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EXPERIMENTAL STANDARD FREQUENCY BROADCAST ON 60 KILOCYCLES 


An experimental 60-ke standard frequency 
broadcast, begun July 1, 1956, at the Boulder 
(Colo.) Laboratories of the National Bureau of 
Standards, is opening up several interesting ap- 
plications, some of which are already in use. 
A. H. Morgan, chief of the Radio Broadcast 
Service Section of the NBS Radio Standards 
Laboratory, is supervising the experiment. 

The Bureau has been broadcasting standard 
frequencies since 1923, when radio was in its 
infancy and very few people owned radio re- 
ceivers. Through the years higher power and 
more frequencies have been added until at pres- 
ent the NBS standard frequency broadcasts are 
on six high frequencies (2.5, 5, 10, 15, 20, and 
25 Mc) at WWYV, Beltsville, Md.; and on three 
(5, 10, and 15 Mc) at WWVH, Maui, Territory 
of Hawaii. Up to 10 kilowatts are radiated on 
some of the frequencies. Specialized radio re- 
ceivers for these broadcasts have been commer- 
cially available for many years. 

Measurements by the Boulder Laboratories 
and others have revealed that the regular stand- 
ard broadcasts at high frequency (HF) are sub- 
ject to changes in frequency as they travel away 
from the transmitting antenna. These changes 
are caused by disturbances in the propagation 
medium, and the errors introduced may at times 
amount to +3 parts in 10’. This is sufficient to 
make these HF broadcasts unsuitable for many 
applications, e.g., rapid assessment of drift in the 
manufacture of high-precision quartz resonators, 
intercomparison of frequency standards, and 
accurate time measurement or synchronization 
of events at two or more locations which may 
be separated by thousands of miles. Two tech- 
niques are now available for precise frequency 
calibration, but both have limitations. One such 
technique, employing time comparisons, requires 
expensive terminal apparatus and a measure- 
ment time that extends over 1 to 10 days or even 
longer. The other makes use of a ground wave 
near the transmitter. This introduces an error 
in propagation of less than 1 part in 10", but is 
useful only to a few miles from the transmitter. 
At greater distances the skywave contributes, 
and calibrations are not adequate for the ever 
increasing precision required by an expanding 
science and technology. 

To meet this urgent situation, W. D. George, 
acting chief, Radio Standards Laboratory, ini- 


tiated a plan to begin the experimental broad- 
casts at several low or very low frequencies. The 
60-ke frequency is being put into use first under 
the call sign, KK2XEI. 

The principal reason for studying standard 
frequency broadcasts at frequencies below about 
100 ke/s is to determine a practical method 
whereby the radio propagation errors are mini- 
mized and users may accomplish high-accuracy 
frequency comparisons in a shorter measurement 
time. Users also need a better time or phase 
reference to precisely measure the time between 
events which happen in relatively short inter- 
vals, for example, in measuring the velocity of 
rapidly moving waves or objects. 


TABLE 1.—CoMPARISONS OF 60-Kc EXPERIMENTAL 
Broapcast Station KK2XEI 
(values given are parts in 10°) 


vs GBR vs WWV | — 
vs NBS measure- taverage vs W WV 
Jan. 1957 Standard ments made Ba yl = see 
at Boulder | at Cruft lls : 
a. ceived at | Laboratory 
Boulder | 
I 
2 —0.3 —1.4 +1.0 | +2.2 
3 +0.2 —2.1 +1.5 | +2.2 
4 +0.3 —2.3 +1.7 | +0.7 
o 
6 
7 +0.7 +2.3 
S —0.1 +1.5 
9 —0.3 —3.7 +1.4 +0.4 
10 +0.3 2.1 
il +0.5 —2.4 +2.3 —0.9 
12 
13 
14 0 | —1.8 +2.0 | +1.0 
15 +0.1 —1.4 2.1 +1.6 
16 0 —1.1 +2.2 +1.1 
17 +0.1 —0.8 +2.4 +2.6 
18 0 —1.5 +2.0 | +4+2.8 
19 
20 
21 +0.3 —1.4 +2.7 +2.6 
22 +0.3 —0.5 2.1 | +1.7 
23 | +0.4 —0.3 | +2.4 | 42.4 
24 +0.5 | -—0.9 +2.4 | +2.9 
25 | +0.1 | -1.8 | +2.0 | 
26 
27 
28 —0.3 —2.4 +1.4 
29 +0.1 -—1.9 +1.8 
30 —0.2 —2.9 +1.4 +1.7 
31 —0.2 —2.4 +1.4 +1.2 
Feb. 1 0 —2.6 +1.5 +1.7 
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Several investigators, among them Prof. J. A. 
Pierce at Harvard University, have shown that 
for frequencies below 100 ke/s and for distances 
of 5000 km and greater it requires only about 
10 minutes to compare local frequenices with 
standard frequency transmissions to within 1 
part in 10°. This is an improvement of more than 
100 over what can be obtained at HF. Professor 
Pierce has carefully determined that a high- 
accuracy standard frequency service can be 
given for all the world on a single very low fre- 
quency from a single high-power transmitting 
station.! 

The experimental broadcast on 60 ke, al- 
though on low power, has already presented 
several intriguing possibilities. With the cooper- 

1 Intercontinental Frequency Comparison by 


VLF Radio Transmission (Proc. IRE, Special 
VLF issue to be published in 1957). 
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ation of Professor Pierce, it has been possible 
to compare the NBS primary frequency stand- 
ard, broadcast on 60 ke, with the British stand- 
ard which is broadcast on 16 ke and 60 ke, to 
an accuracy of comparison which is better than 
two parts in one billion. This has been done 
almost continuously since the broadcasts began 
last July. Results for the month of January 1957 
are shown in Table 1. Regular measurements on 
the 60 ke broadcasts are now being made by 
several organizations in the eastern United 
States. 

The most challenging project will be an at- 
tempt to compare the Boulder Laboratories’ 
atomic-frequency standard which is much more 
stable than 1 part in 10° with those in England 
and elsewhere. This will be undertaken as soon 
as possible. It is estimated that an accuracy of 
comparison of better than one part in one billion 
can be attained. 





DOUBLE STARS 


Twin stars with lifetimes o! only 100,000 
years; stars with enormous diameters but with 
masses only one-tenth or two-tenths of that of the 
sun attention is called to such celestial ob- 
jects by Dr. Otto Struve, University of Cali- 
fornia astronomer, in a discussion of the ob- 
served phenomena of double stars. A large pro- 
portion of known stars are double, and their 
behavior poses some of the most difficult problems 
in astronomy. 

A report by Dr. Struve on double-star research 
and its future trends has recently been issued by 
the Astrophysical Observatory of the Smith- 
sonian Institution. 

These stars revolve around each other. They 
must have had a common origin, and presumably 
each pair separated out of an original cloud of 
rapidly revolving gas. A slowly turning cloud 
would condense into a single star, according to 
present orthodox theories. If the revolution were 
sufficiently rapid, the cloud would split into two 
or more parts, and each component would con- 
dense into a star. These “twins” may differ 
greatly in diameter and mass. 

Each member of a pair is subject to the gravi- 
tational pull of the other and Dr. Struve points 
out that if they are close enough together, gas 
may stream continually from one to the other. 
One of the most interesting of such stars is Beta 


Lyrae, a member of the northern constellation 
which contains the bright star Vega. The two 
stars that make up Beta Lyrae are, astronomi- 
cally speaking, very close together. 

Recent observations, Dr. Struve says in the 
Smithsonian report, indicate that each of the 
component stars of Beta Lyrae is pulling streams 
of matter from the other. Parts of the streams are 
lost into space, and can later furnish raw material 
for new celestial bodies. The astronomer cal- 
culates,. from the changing motion of the stars 
about each other, that Beta Lyrae must be losing 
about 50 billion trillion grams of matter a second. 
The total mass of the two stars is about a thous- 
and billion trillion trillion grams. If we take into 
account the rate at which the stars are shedding 
into space, we find that the life expectancy of 
Beta Lyrae is only about 100,000 years—much 
less than the time that man has lived on earth. 

This particular double star may be unique. 
However, there are many other pairs that are 
putting out less notable streams of gas, and we 
often find that one of the pair is a large subgiant 
star. 

Observations of two unusual binaries, one in 
Orion and one in Sagittarius, indicate that in 
both cases the larger star of the pair, hundreds of 
times the size of the sun, actually weighs only 
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from one-tenth to two-tenths as much as the sun. 
Dr. Struve points out that a peculiar feature of 
these double-star systems is the large number of 
them that contain Wolf-Rayet stars, of ex- 
tremely high temperature and enigmatic spectra. 

In some cases the mutual gravitational effect 
of the two members of a binary merely causes 
them to exchange matter with each other. No 
mass is therefore lost by the system as a whole. 
But often, the author says, “we must assume 
that once a stream of gas is generated in a binary 
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it is somehow expelled from the entire system 
and this expulsion means eventual disappea range 
of both members.”’ 

All luminous stars are losing mass through 
radiation. The sun, for example, loses thousands 
of tons a second—an insignificant amount that cay 
make no difference whatsoever for billions of 
vears, so far as life on earth is concerned. No 
nearby star is near enough to the sun to pull 
mass out of it, and the solar lifetime will not be 
ended prematurely by any such process 





LANGUAGE OF THE GUAYMI 


“How did you dream?” a Guaymi-speaking 
Indian asks his neighbor. That’s the way he says 
“Good morning.” 

“T did not have any,” replies the neighbor. 
That is the equivalent for “I am well.” 

This customary way of greeting, long since 
firmly incorporated in the language, is deeply 
rooted in the basic concepts of life of the Valiente 
Indians of Panama, according to the first vo- 
cabulary and grammar of the Guaymi language 
recently published by the Smithsonian Institu- 
tion’s Bureau of American Ethnology. It was 


written by Dr. Ephraim 8. Aiphonse, for many 
years a Wesleyan Methodist minister among these 
Indians. 

The Guaymi language is spoken by several 


groups in western Panama. It was one of the 
basic tongues of the Caribbean area. This 
linguistic curiosity, Dr. Alphonse explains, is 
based on the extreme fear of dreams among these 
people. When a person has an evil dream he feels 
sure he will die, unless powerful magic is ex- 
erted. The psychological effect is so strong, in 
fact, that the victim often does die despite 
anything that can be done for him. The term in 
the language for “bad dream” is “death struck 
him.” 

The only way to escape the effects of such a 
dream, Dr. Alphonse says, is believed to be 
through the mediation of a powerful medicine 
man, the Sukya, who has influence to exercise the 
evil spirit. To him the dream is retold by a friend 
of the stricken victim. Careful analysis of the 
dream may enable the Sukya to find a weed, 
plant, or bark that will be effective against the 
particular evil spirit responsible. 

After he has been paid an appropriate fee, the 
Sukya proclaims a “wake,” or “ngwote,” for the 
dreamer’s hut. Among the articles the medicine 
man has received as part of his fee are some 
cocoa beans. These are sanctified by the Sukya 


when he blows on them. They are parched, 
ground, and made into a drink. For five nightg 
and five days neighbors and relatives gather 
the hut of the dreamer and drink this mixtu 
diluted until it is slightly more colored than water, 
None must sleep. The evil spirit is thus k 
away, giving the soul of the sick person, p 
sumably taken away from him in the dream, 
chance to come back to him and so enable hig 
to recover. He sometimes does. The wake is @ 
elaborate affair. Crosses of balsa wood are put 
on either side of the main roads leading to t 
hut. A kind of vine is set up as an arch undé 
which the evil spirit must pass. In the middle of 
the arch is a noose, which presumably will cated 
the demon as he comes for his victim. 
eyes of all the guests a magic preparation mad 
by the medicine man is dropped. In the hut an 
Balsa sticks are carved to represent 
human heads and faces, and made hideous wif 
charcoal marks. 

The person who has had the dream is put i 
side a fence built around a raised platform. Tw 
crosses are placed on each side of this platform 
The fence is made of wild canes, of which the e 
spirits reputedly are afraid. During the ceremon 
there is heavy smoke caused by the burning ¢ 
wood termite nests, a stink vine, and peppef 
These, burning together, fumigate the evil spirit 

The victim of the bad dream must abstai 
from certain foods, from any contact with certaill 
persons, and from eating anything cooked on thi 
fire with which these banned people cook. Co 
sequently two fires are built in the same hut 
one for the victim and one for the rest of the 
household. The persons prohibited from contac 
are not enemies. They may be members of the 
man’s own family. It is fatal for the patient 
have contact with anybody who has ever beet 
bitten by a snake. 


crosses, 





r beet 








